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Jlabopamopnan  paboma  Nel. Pacuer TenedoHHOW  HArpy3ku IpHU
npoektupoBanuud ATC u pacnpeneneHue €€ MO HANpPaBICHUSIM MEXCTAHIIMOHHBIX

CBS3€EM.

Ilenwv pabomui: vicciaenoBaHue BOIPOCOB pacipeesieHus Tpaduka B CETsIX 0011Iero
MOJIb30BAaHUSI M TPUBUTHUE TMEPBUYHBIX HABBIKOB pacyeTa 00bEMOB KOMMYTAIIMOHHOIO

000pyI0BaHUs IPU MPOEKTUPOBAHUU CETEH CBS3H.

3aoanue.

CymectByromiasi ceth cBa3u oOmero noiab3oanus (CCOII) conepxut ase ATC —
koopauHatHylo (ATCK) wu snextponnyro (ATC3). Kpome toro, umerorcs yi3en
criericiyk0 (YCC) u Bbixon Ha 30HOBBIN y3en cBs3u (3YC). HeoOxoaumo mpou3BecTu
pacyeTsl, TO3BOJISIIONIME CIPOEKTUPOBAaTH Ha ceTu TpeThio nudpoByto ATC B
COOTBETCTBHUU C UCXOJIHBIMU JIAHHBIMU JIJISI OJTHOTO BapHaHTA.

[IpousBecT pacueT UMHTEHCUBHOCTH HArpy3kd g IUGPOBOM  CHCTEMBI
KOMMYTAIIMU C YYETOM 3a/JIaHHBIX XapaKTePUCTUK W MPUBEIACHHOM Ha PUCYHKE 1 cXembl
CETU CBS3H.

Homep BapuaHTa ompenensieTcsi IByMs MOCIECIHUMH LU(PpaMU CTYIEHUYECKOTO

ousieta U OJIHOM TocleHeH IUPOM TEKyIIEero roja.



@Paccqwrusaemme
Ic-1 C-12
2000 CyimecTEyiomue

Pucynok 1 — Cxema cetu cBsizu

Caenenust 0 TeaeOHHON CETH U PACCUNUTHIBAEMOM CTaHIIMH MPEICTABICHBI B
tabmure 3.

B BepxHeit cTtpoke TaOiauibl 3 yKazaHa €MKOCTh PacCYMTHIBAEMOW CTaHIIUU
AJIEKTPOHHOTO TUMa. Bo BTOpO# cTpoKe MpUBEIEHO YUCIIO MOACTaHIMi (1udpa ciesa) u
€MKOCTh Ka)KJIOM MOJICTAaHIIMK B ThICSYax HOMEpoB (mudpa copasa). B mociaegyronmx

cTpokax ykaszaHbl eMkocTd cymectByromux ATC 1, 2 u 3 coOTBETCTBEHHO

Tabnumna 3 — Ceegenus o TeneOHHOM CETH U PACCUUTHIBAEMOMN CTaHITUU



ATCD, ThIC. 7 8 5 5
HOMEPOB
I1C 2x1 1x2 2x2 2x2 1x1
1 6\7\8 5\8\9 7\7\9 -\5\8 -\8\6 0,5
2 -\6\7 6\5\7 6\8\9 -\6\8 8\7\5 0,52
3 7\9\5 -\5\9 -\7\8 6\6\9 7\8\9 0,55
4 9\5\6 -\5\7 6\7\8 6\7\8 -\9\8 0,6
L o
(< = 6 95\6 | 57 | 585 | 876 | -\98 0,5
7 -\5\8 5\6\9 7\6\9 5\8\7 7\6\5 0,67
8 6\5\9 -\7\9 8\6\5 -\9\6 5\7\8 0,6
9 -\7\5 5\6\7 4\9\9 6\5\7 7\5\9 0,58
0 5\6\8 7\8\5 6\5\8 -\7\9 7\8\9 0,56
1,6 2,7 3,8 4,9 5,0 P
I{udpsr gecsaTkoB
CBejieHHs 0 TTOCTYMAIOIIEH Harpy3Ke MpeacTaBIeHbI B Ta0IHIE 4.
Tabnuna 4 — CBeneHus 0 MOCTYNAOLIEH Harpy3Ke
% ¢u3. mna 45-42 48-30 50-35 35-55 37-25 Kareropis
% ¥op. Iuma 53-10 | 50,2-15 | 48,5-16 | 62,5-30 | 60,2-10 S
% Takco(hOHBI 2,0-15 1,8-10 1,5-6 2,5-10 2,8-9
1 [28/1,2/912,7/1,1/8 |2,6/1,1/8 | 3/1,2/10 | 2,9/0,9/9 85/100/110
2 126/1,1/8 | 3/1,1/10 |3,2/0,9/9 | 3/1,1/8 | 2,4/1,2/8 90/100/110
3 129/1,0/8]25/1,2/9 |3,0/1,1/8 | 2,6/1,1/9 | 3,2/0,9/9 85/110/110
4 12,4/1,2/9 | 3/1,1/10 |3,1/0,9/9 | 3/1,1/10 | 3,1/1,1/9 90/115/110
[udpsr 5 125/1,2/812,8/0,9/9 |2,8/1,2/9 | 3/1,0/10 | 3/1,1/9 88/125/110
¢ IMHMII 6 [2,7/1,1/9]24/1,2/912,5/1,1/9 | 3/1,1/8 |2,6/1,1/8 86/110/110
7 |3/1,1/10 | 2,6/1,1/8 | 2,7/1,0/8 | 2,5/1,2/9 | 2,8/0,9/9 92/115/110
8 13,2/0,9/8]25/1,2/8 | 3/1,0/9 |2,8/1,2/9 | 3,1/0,9/8 91/125/110
9 128/1,1/9]29/1,0/9 |3,1/1,1/8 | 3,2/0,9/8 | 2,5/1,2/9 89/120/110
0 126/1,2/8]28/1,1/9 | 3/1,1/10 | 2,4/1,2/9 | 2,6/1,1/9 87/125/110
Tks,
1,0 2,9 3,8 4,7 5,6 Tr\x, Tt
Cpennsis
[{udps! necaTkos IPOIOJDKUTEIIEHOCTh
pasroBopa

MGTOI[I/I‘-ICCKI/IG YKa3aHH: K 3a/1a4C




Bo3Hukarlnyto Harpy3ky Cco37al0T BbI30Bbl (3aBKM Ha OOCIyXHBaHUE),
MOCTYIAIOIINE OT a0OHEHTOB (MCTOYHHWKOB HArpy3KH) W 3aHUMAIONIME Ha HEKOTOPOE
BpEMs pa3zIMUHbIC COCAUMHUTEIbHBIE YCTPOHCTBA CTaHIMU. VHTEHCHBHOCTH MECTHOM
BO3ZHMKAIOIIEH HArpy3Kd MOKET OBITb ONpeNesieHa, €CIIM HW3BECTHbl €€ OCHOBHBIC

MapaMCTpbl, K KOTOPBIM OTHOCATCA:

— YHMCJIO UCTOYHUKOB Harpy3ku N ;

— CPCOHCC YHUCJIO BBI3OBOB, ITIOCTYIIAOIUX OT OJHOT'O HCTOYHHUKA HAI'PY3KU B

YHH (unu B equauity Bpemenn) C ;

— CpeAHsisl IITUTEILHOCTD 3aHSATHS KOMMYTAIlMOHHON CUCTEMBI MPU
0o0cITy>KUBaHUM OJTHOTO BbI30Ba t .

CoryiacHO BEJIOMCTBEHHBIM HOPMaM TEXHOJOTHYECKOTro mpoektupoBanus (PJI
45.120-2000 HTIT 112-2000 «I'opoackme W celbCKue TeaehOHHBIC CETH») CICTyeT
pasziuyaTh TPH KaTeropuu (CEKTopa) MCTOYHUKOB: TeJIe(OHHBIE ammapaTbl HAPOIHO-
X035IUCTBEHHOTO cektopa N, ; KBapTupHbIe Tenedonnbie annapatsl N . ; TakcooHsl N ,
. Takum o6pazom,

N, =N,y +Ni + N, (1)
rae N, - ecTb HoMepHast EMKOCTb IMPOEKTUPYEMOW CTaHLIMH.

B cooTBETCTBUM ¢ MMEIOIIMMUCS KaTErOpUSIMU HCTOUYHMKOB HArpy3kKH CpeHee
YHCJIO BBI30BOB B €IMHUILY BPEMEHU OT OJHOTO TA HAapOIHO-XO35MCTBEHHOTO CEKTOpa
o6o3nauuMm C,, , OT KBapTUpHOTO cekTopa — C, , OT TakcopoHOB — C),, .

Takum 00pa3om, cpeaHsst MPOIODKUTEILHOCTh OJJHOTO 3aHATHS 111 UCTOYHUKOB |

— O KATETOPHH OIPEILIIACTCS IO hopMyJIe:
t| =0 Pp (tco + ntn + tc + tl’l6 + T| + to ), (2)
rae @ - KO3(QQUIUCHT, YIUTHIBAIOIINI BIUSHAC BHI30BOB,  HE 3aKOHUMBIIUXCS

pasrosopom, @j = f (Ti , Pp ) ompenensieTcs rpaduuecky;

tco - cpenHee BpeMs MPOCTYIIUBAaHUSI CUTHAJIA «OTBET CTAHLIUNY;

N - KonuuecTBO Upp aODOHEHTCKOro HOMEPA;



tc - BpeMsi yCTaHOBIICHUS COeAMHEHUS (OT MOMEHTa OKOHYaHUsI Habopa HOMepa J10
MOJKJTIOYEHUS BBI3bIBAEMOT0 aOOHEHTA);

ntn - cpennee BpeMs Habopa N nudp aOOHEHTCKOTO HOMEPA;

t,¢ - CpenHee BpeMs POCIYIIUBAHNS CUTHAJIA «KOHTPOJIb IMTOCBUIKH BBI30BaY;

Tj - cpenHsist NPOAOIKUTENBHOCTD Pa3roBopa; tg - BpeMs 0TO04.

B coBpemenHbsix ATC BpeMsl YCTaHOBJIEHUS COEIMHEHHS M BpeMs OTOO0s
HUYTOKHO MaJibl (JECSITKU MUJUIMCEKYH), BCIEACTBHE Yero 0e3 O0MbIIoi NOrpenHoCcTH

CYMTAEM HX PABHBIM HYIIIO.
Benn4nHa ¢j 3aBUCHT, B OCHOBHOM, OT Tj U Pp, U onpeensercs rpahuieck.
['pacduku nprBeeHBI B MHOTOYUCIEHHBIX UICTOYHUKAX, HAIpUMeED, B [7].

OcranbHbIC 3HAYCHUS MOXKHO IIPUHATH CICAYIOIIUC:

tn = 0,8 ¢ nna yactoTHOrO HabOpa HOMEPA;

th = 1,5 ¢ nia nekagHOTO HAbOpa HOMEPA;

the=7c¢;
teo =3¢;
n=>5.

C ydyeToM OTHUX JaHHBIX, a Takke Qopmynsl (2.2) HaxomATcs CpeaHue
JUTUTEIIbHOCTU 3aHSATHS i1 UCTOYHUKOB Bcex karteropuit. HeoOxomumo mpu pacuete
y4ecThb JOJII0 Telle(OHHBIX alrnapaToB C JIEKaJHBIM W YaCTOTHBIM HAaOOpPOM HOMEpa.
Jonst aOOHEHTOB, WCHOJIB3YIONIUX JICKaJHbIH Habop, TMpuBeIeHa B Tabiuie 5.

OcTanbHble a0OHEHTHI UCIIOJIB3YIOT YaCTOTHBIN HA0O0D.

Tabnuma 5 — Jlonis abOHEHTOB, UCTIONB3YIONIUX JICKAIHBIA HA0Op HOMEpa

[udpa equam | 1 2 3 4 5 6 7 8 9 0

KB 10 |12 | 16 | 14 [ 18 | 15 20 24 21 13

HX 5> |10 8 9 / 12 6 11 13 15




Takcodonsl, BkiItoyaembie B paccunThiBaeMyo ATC, umeror 4yacToTHbIA HAOOp.

MHTEHCUBHOCTh BO3HHUKAIOIIEW HArpy3Kd JUIsl KaxAOW W3 KaTeropuid abOHEHTOB

ompenenseTcs no Gopmyie:

vy = NiCit;

3600

Pe3ynbpTaThl pacyeToB cBOASTCS B TaOIUILy ©.

, JpI.

Tabnuua 6 — Pe3ynbrarhl pacuera BO3HUKAIOUIEH HArPy3KH

Kareropust u tTun TA

Ni, TA

Ti,C

i, C

Ci Be3/UHH

Yi, 3pn

HX, yactoTHbIl HAOOD

HX, nexannbiit Habop

KB, gactotHbIit Hab0Op

KB, nexkangabiii Habop

TakcodoHbI

(3)

OO1mass MHTEHCUBHOCTh HArpy3ku paccuutTbiBaeMoil ATC Oyner paBHa cymme

WHTCHCUBHOCTEM Harpy3o0K, CO03AaBAaCMbIX HCTOYHHKAMHU PaA3JTUYHBIX KEITGI‘OpPIfI. Omna

pacCUUTHIBAETCS IIyTEM CYMMHUPOBAHUS 3HAUEHUH, HAXOASIIUXCS B MOCIEIHEM CTOJIONE

TadIuIbI 6.

KoHTpOIBHBIE BOITPOCHI:

1. ITosicHUTH UTO Takoe Harpy3ka B 1 Dpnanr?

2. YTo Takoe yac HauBBICIIEH HArPy3KH?

3. [lpuBecTn npumMep NMATU3HAYHON HYMEPAIUH U TTOSICHUTD TTOPSIIOK

(dbopmHpoBaHU HOMEPA.

4. YTo Takoe BHYTPUCTAHIIMOHHAS HArpy3Ka?

5. [Touemy nunHus cBsa3u mexay ATC n YCC umeer ofHOHanpaBiIeHHbIA BUT?
6. Uro npencrasnser coboit ATC?

7. Yrto npencrasnser coborr YCC?

8. [1osiICHUTB aNrOpUTM MPOU3BENEHHBIX BHIYUCICHUH.

9. Yto moHMMaeTcs Mol MHTEHCUBHOCTBIO HArPy3KH?

10. ITouemy npou3BeneHO pa3esieHre BceX a0OHEHTOB Ha TPU KaTeropuu?



CnHcoK UCTIOIb30BaHHBIX HCTOYHUKOB:

1. Jlabynspko O.C., Muxanun 1.C., Manun A.A., lllapeimora T.H. Cuctemsr
KoMMyTanuu. YuedHoe nocooue. — Pocros-na-Jlony: CKO® MTYCH, 2009. — 117 c.: un.

2.  Muxanmun U.C., Hlapsmosa T.H. lludposas cucrema kommytannu ATCO-

200. MeToanyeckoe mocodue At KypcoBOro npoekTupoBanus. — Poctos-Ha-/lony:

CK® MTYCH, 2002. — 45 c.: ni.

Jlabopamopnaa padoma Ne2. ViccienoBanue BOIpPOCa paclpeleseHUus MOTOKOB

Harpy3ku Ha I ' TC npu npOoeKTUPOBaHUHA HOBOW CTaHIUU.

Heap padoTbl: MCCIEIOBAHHE BOMNPOCOB PACIHPENCIEHUS HArpy3ku B CETAX
00111ero MoJb30BaHMs U MPUBUTHE TIEPBUYHBIX HABBIKOB pacueTa MapaMeTpoB Tpaduka
IIPY IIPOECKTUPOBAHUU CETEN CBS3H.

3ananue.

VICHUTH WCXOIHBIE JaHHBIE Mg MpoBeAcHUs pacuérta. [loctpouts Marpuiry
pacupeneneHuss Harpy3ok. IIpousBectu wuHTErpauuio B MAaTpULy paclpeIesiCHUs
Harpy3oK IapameTpoB HOBOM CTaHUMHU B COOTBETCTBUM ¢ MeToaoMm Pamma. [Ipoussectu
aHaJu3 HOBOM MaTpHUIbl HAarpy30K W CIE€JaTh BBIBOJBI O MPOU3OMICAIIEM BIUSHUHM Ha
BEJIMUMHY TpaduKa B CETH.

B coorBerctBuM ¢ meTomom Pamma mpenmonaraercs, 4TO BKJIIOUYEHHE Ha CETH
HOBOM ATC He OKaXeT BJIMSHUSA Ha OONIMN MCXOISAIIMNA MOTOK HArpy3Kd B CYIIECT-
Byromux ATC. T.e. gna cymectByromux ATC npou3oiaer ToNbKO nepepacnpeacicHue
UCXOJAIEH Harpy3ku Oe3 M3MEeHEeHHUs €€ BEJMYMHBI, a Harpy3ka Ha HOBYIO CTaHIUIO
OyZeT cOo3/1aBaThCsl 32 CUET MPONOPLMOHATBHOTO CHUKEHUSI HArPY3KH C CYIIECTBYIOIIMX
HaIpaBJICHUI U niepenayu ee Ha HampasiieHne K HoBol ATC. Ilycts MaTpuiia mOTOKOB

Harpy3ku 10 BimroueHus HoBod ATC pasmepHOCTH n*n UMeeT BUJL:
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Harpy3ku Ha ATC onpenensrorcs

Hcxondmpe W BXOASAIIME TOTOKHU
CYMMHUPOBAHHEM COOTBETCTBYIOIIMX CTPOK M CTOJOLOB MaTpulbl. OO0mias Harpy3ka Ha

CCTH paBHA CyMMC 3JICMCHTOB MAaTpPHUIIbI:

R a
M= L X Y.

{=f Jf=1 ¢s

ATC uMeeTt UCXOIAIILYIO HATPY3KY Y+l

Homnyctum, uro HoBass (N + 1)-s

PaBHYIO BXOJSIIECH, U BHYTPUCTAHIIMOHHYIO - Yn+l1,n+1 .

Jlns opranuzaiuu B MaTpuiie Yij cronoma (N +1)  Bxomsmiel Harpy3ku — Ha

ATChn+1, HEOOXOIUMO CHATH € UCXOAsIIEH Harpy3ku cymectByromux ATC Harpysky,

paBHy10 Bxoasuien Harpyske HoBo ATC, T.e.
Yn+1,Bx = Y+l — Yn+1,n+1

JloJyisi CHATOM HArpy3Kd 3aBUCHUT OT Beca BBOJMMOM CTAHIIMHU B TelIedOHHON CETH,

T.€. OT OTHOIIEHUS €€ UCXOASIIIEN HAarpy3KM K CyMMapHOM Harpy3ke B CYIIECTBYIOLIEH

I'TC.
PaccuntaeM koaPUIIMEHT CHATHS HATPY3KH

Yne¢ ~ ynu,nu
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KOTOPBIN MOKA3bIBAET, KAKYI0 YacTh HArpy3KH HEOOXOAMMO CHSTH C KaKIOTO W3
CYILIECTBYIOIIUX HampasieHuil u nepenats Ha HOBylo ATC. Torma cronben (n+1) ans

HOBOM ATC 3anumieTcst CiaeayronmM 00pa3om:

-

fq' X
Y X

y{,nu = .‘/n X
[ Ynet, nee

a ctpoka (n+1) nms stoit ATC npencTaBUTCs Kak:

/ % AP / '
y""'j [yfx f gty y Yn %y ynﬂ,n‘oi &)
Hosas Matpuia pacnpe/ienieHns Harpyski 6yseT HMeTb B -

Fy“(f-x) Y, (1-X) i, Y (!-){) Yex 4 4
Uy (1) Gy (1=8) 4, (1-X) 4, X Y

‘ .

i = Yt g (1=X)ece Ypg (-0 G ¥ || o a8
9,"‘ g, ¥ o 5’/:" 5’/74;,,;4, 9n+1_

g , AW
' /

y' 92, o - oy ny
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OOwmuii NOTOK Harpy3kd Ha CETH YBEIUYMJICS Ha BEIMYUHY Ynp+1 , a oOmme
UCXOASIIME M BXOASIIME TOTOKM Harpy3ku cymectByromux ATC ocramuck
HEU3MEHHBIMH.
KonTtponbsHOE 3a1aH1e
Ha I'TC nonHocBs3HOM cTpykTyphl ¢ mecteio ATC mpoektupyercs ATC Ne7.

3amana MaTpHIla TOTOKOB Harpy3ku Mexay cymectByrommmu ATC/ pasmepHOCTBIO 6X6

Opa:

1 2 3 4 5 6
1 15 7 10 5 6 11
2 4 20 12 8 5 7
3 6 11 25 8 6 9
4 5 7 12 19 3 8
5 9 11 8 13 21 7
6 9 8 11 12 10 15

Ncexopsamas n BHYTpUCTAHMMOHHAS HAarpy3ku npoekrtupyemot ATC

npenacTaBiieHbl B Tabnuie. Bxomsuryto Ha ATC Harpy3ky mpuMeM paBHON UCXOISIICH.

Tabnuna. cxondias 1 BHyTpUCTaHUMOHHASI HATPY3KHU 10 BapHaHTaM KOHTPOJIBHOTO

3aaHus.

Turnel Harpy30K B Harpy3ku B Opi1. mo Bapuanram
npoektupyemoit ATC 0 1 2 3 4 5| 6 /7 |8 9

Yuex > O MOCHeRHEH | 60 | 70 | o5 | g4 | 72| 59| 63 | 48 |71 68
uuppe mndpa

Youcr. » IO MPEANOCH. | 14 | 15 | 25 | 20| 18 | 17 | 22 | 19 |16 14
uudpe muppa

HeoOxonnmo:

a)  BKIIOYUTh B CYIIECTBYIOUIYIO MATpPHUI[y IOTOKOB HAarpy3Kd COpPOKY
U cTos0ell i1 UCXOAAIIEH U BXOAs1Iel Harpy3ku npoektupyemont ATC;

0) Jarh mepepacnpeiefieHue TIMOTOKOB HArpy3kd MEXAy CYHIECTBYIOIIUMU
CTaHIIMSIMH, BBI3BaHHOE BKIIOUeHHeM HOBOM ATC;

B) OTIPEICIIUTh UCXOIAIINE U BXOSAIINE MOTOKU HArpy3ku Ha kaxaon ATC u

10 CCTHU B L CIIOM.
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KOHTpOIBHBIE BOITPOCHI:

. Uto nonpazymeBaet metoa Panmna?

. [losicHuTE COCTaB MaTPUILIbl HATPY3KHU JIJI1 PACCMaTPUBAEMOr0 BaMU MPUMEPA.
. Uto Takoe Harpy3ka Ha ceTh B 1 DpJiaHr.

. UTOo Takoe BHYTPUCTAHIIMOHHAS Harpy3Ka?

. Uto monnmMaetcs moja ko3 OUITMEHTOM CHATHS HArpy3Ku?

. KakoB CI)I/I?)I/I‘-ICCKI/II\/II CMBICJI JaHHBIX PACIIOJIOKCHHBIX 110 JUaroHajin ManI/II_[BI?

~N oo o~ W N P

. UTO moHMMaeTcs o ONPEAEIUTEIEM MATPHULIBI?

8. Kak m3MeHuTCS OmpenenuTenh MAaTpUIlbl HOBOM MaTpPHIIbl OTHOCHUTEIHHO
cTapoit?

9. OcHOBBIBasICh HA IOCTPOCHHONW MATPHUIIE HATPY3KH MOKAKHUTE, MEKTY KAaKUMH

ACT npucyTCTBYET CBSI3b.

CHuCOK HCIOJIb30BaHHBIX HCTOYHHKOB:

1. HectepoBa A.B. Metoaudeckue ykazaHus Mo pacu€Ty pacripeeieHUs Harpy3Ku

Ha TOPOJICKUX TelaeOHHBIX ceTsx ¢ nomoibio O9BM / B3OUC. — M., 1977.

Jlabopamopnaa paooma Ne3. ViccinenoBanue paOOThl KOHIICHTPATOPOB U

KOMMYTaTOpPOB C UCIOb30BaHUEeM mporpaMmmuoro mpoaykra Cisco Packet Tracer.

Ilenv pabomwr: paccmoTrpeHue pabOThI KOHIIEHTPATOPOB U KOMMYTATOPOB.
[Tony4yeHune nepBUYHBIX HABBIKOB KOH(OUTYPUPOBAHUS KOMMYTAIITMOHHBIX YCTPOUCTB.

3aoanue.

[TocTpouTh cxeMy ceTH ¢ HCIOJB30BAHHEM OJIHOTO KOHIIEHTparopa. B pexume
MOJCIUPOBaHUS PabOTBI CETH TPOCMOTPETHh BBIMOJTHCHUE KOMAHABI ping MEXKIy
MIPOU3BOJIBHO BHIOPAHHBIMHU YCTPOWCTBaMH. PaccMOTpEeTh BO3MOXKHOCTH OOBETUHEHUS
TpEX KOHIICHTPATOPOB B KOJIBIIO. AHAJOTUYHBIC JACHCTBUS TPOM3BECTH C CETHIO,
MOCTpOEHHOW Ha 0a3ze kommyTtartopoB. CkoHpurypupoBaTh Vlan 1o yka3aHHBIM

HNCXOAHBIM JaHHBIM. CI[GJ'IEITB BBIBOJHEI.
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CocraB cetu: 4 y3na, cepBep, MPUHTEP M JiBa KOHIeHTpaTtopa. KoHieHTpaTopbl

MeX COo00# COeTMHSAIOTCS KPOCCOBEPHBIM Kabesem (puc. 1).

-

Pre—

ey

- pdpPT

PC-PT 192.168.0.5
192.168.0.2

il
e |
! . 5 [r— . v S

PC-PT

#Hub-PT Hull-PT
ab B knacce rnasHyiin xab

I

Server-PT

192.168.0.3 192.168.0.1

'd/ ’
PC-PT

192.168.0.4 Printer-PT
192.168.0.10

Pucynok 1 - Cxema ceTu.

Hyxno mnepeiitu B pexkum cumyisanuu (Shift+S), nubo KIMKHYB Ha HKOHKY
CUMYJISILIMM B MPABOM HHXKHEM YTy pabodero mpocTpaHCTBa. 3A€Ch Mbl BUIUM OKHO
coOBITHH, KHOMKA cOpoca (OYMIAET CIUCOK COOBITUI), YIPABICHHE BOCIIPOU3BEICHUEM
U GUIbTp NPOTOKOIIOB. [IpenokeHo MHOTO MPOTOKOJIOB, HO OT(PHIBTPYEM MOKA TOJIBKO
ICMP, 5T0 UCKIIOYUT CITy4alHBIA TpahUK MEKITY Y3IaMHU.

HeoOxomumMo KaXIOMy OKOHEUYHOMY CETEBOMY YCTPOMCTBY 3aJaTh apecaluio.
Orto penaercs Bo Bkiaake Desktop. B olmiem ciydae, BUJ OTKpPBIBLIETOCS OKHAa C

BBEJIEHHOM ajjpecalreii oka3aH Ha pUCYHKE 2.
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IP Configuration
IP Configuration

) DHCP @ Static

IP Address 192.168.0.2

Subnet Mask 255.255.255.0

Default Gateway

DNS Server

IPv6 Configuration
() DHCP () Auto Config @ Static

IPv6 Address | /
Link Local Address FE80::201:COFF:FESE:B662

IPv6 Gateway

IPv6 DNS Server

Pucynox 2 — Okno Bkiaaku Desktop

Jlist mepexojia K cleAyoleMy COOBITHIO HCTIOIb3yeM KHOIKY "Brepéxn", nmdo

aBTOMaTHKa (puc.3).

— Cnucok cobbituin

Bua. IBpeMn (cek) ll‘locnennee YCTPOWCTBO |Ha ycTpoicTee ITun IWHd)OpMaLlMH l

3axea4yeHo B:

Cbpocute cumyna mol v [ocToaHHaA 3aaepxKa
L = acp (HeT 3axsaToB)

—YnpasneHue socnponsseacHUeEm 2

Hasan | AgTo 33xeaTt/ aocnpousaeneuuel 3axsat / Bnepea

|
|

— ®@UNBTPbl CNUcKa cobbiTuit

Buaumblie coberrua: ICMP 1
Rty

N3MeHUTb BUnLTPEI | MokasaTtb BCe

Pucynok 3 - Uatepdeiic cumynsatopa.

[Tocweumaem PING-3anpoc.
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C oaHoro w3 y3ioB nornpoOyeM MpONUHIOBaTh APYrou ysen. BeiOupaem nanexo
PacroJIOKEHHbIE y37bl, YTOOBI HAIJIAJHEH YBHJETh KaK OyQyT NMPOXOAWUTH MAKETHI IO
CETH B pexxuMe cuMyJisnuu. Mrak, BXoaum Ha y3ein .4 1 nouuiéM MUHI-3apoc Ha y3el
5.

C pozoBoro y3na nuHryem 3enéselii. Ha po3oBom y3ne oOpas3oBaics Naker
(KOHBEPTHK), KOTOPBbIN KAET (MKOHKA May3bl HA HEM). 3allyCTUTh MAKET B CETh MOYKHO

HaxaB KHOIIKY "Briepén" B okne cumymsiuuu (puc.4).

—
PT

192.168.0.5

TnaeHyiit xab Server-PT

192.168.0.3 192.168.0.1

PC=PF -
152.168.0.4 Printer-PT
192.168.0.10

Pucynox 4 - JlemoHcTpanus paboTbl CUMYJIATOPA.

Tak >xe B OKHE CUMYJISIIUM Mbl YBUAUM 3TOT MakeT, otMeTuB ero tum (ICMP) u

ncrouHuk (192.168.0.4) — puc.5.

— Cnucok cobbimuit

CBpocuts Cmayn;lumol ¥ NocrosvHas 3anepxxa Saxsa‘:)eggoss: i

—YnpaeneHue BoCNpousBeaEHUEM

Hasaa | ABTO 3axBaT / BocnpousseaeHue 3axear / Bnepea

1
=

— ®UneTpbl cnucka cobbiTuit

Buaumble cobbrrua: ICMP

NzmMeHuTs dunsTphl | MokasaTtb BCE |

Pucynox 5 - MoHUTOpUHT pabOTHl TPOTOKOJIOB.
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Knuk Ha makeTe mokaxeT HaM MoApoOHYI0 uHpopMmaluio. [Ipu 3ToM MBI yBUIUM

mozenb OSI. Cpasy BUAHO, 4TO Ha 3-eM ypOBHE (CET€BOM) BO3HHUK MAKET HAa UCXOASIIEM

HaIpaBJIEHUH, KOTOPBIN MOMAET 10 BTOPOTO YPOBHSI, 3aTEM 0 MEPBOT0, HA (PUZNUECKYIO

cpeny ¥ mepenacTcs Ha cileayromui y3en (puc. 6).

* Undopmauyna o PDU Ha ycrpoiicTse: 192.168.0.4
Mogens OSI l Aetanu ncxoaswero PDU |
Ha yctpoicree: 192.168.0.4

Wcrounuk: 192.168.0.4
Monyuatens: 192.168.0.5

YpoBHK Ha BXoge YpoBHM Ha ncxone

YpoBeHb 3: 3aronosok IP ucx. IP:
192.168.0.4, ex. IP: 192.168.0.5 ICMP
Message Tun: 8

YposeHb 2:

1. The next-hop IP address is a unicast. The ARP process looks it up in the ARP
table.

2. The next-hop IP address is not in the ARP table. The ARP process tries to send
an ARP request for that IP address and buffers this packet.

Mposepb ce6;a|

<< lMpeablayiuuii ypoaenbl Cnegyownil yposeHb >>|

Pucynoxk 6 - Monutopunr padotsl Ha Mojaenu OS]

A Ha Jipyroi BKJIaJKe MOYKHO ITOCMOTPETh CTPYKTYpY TnakeTa (puc. 7)

* Unpopmaumn o PDU Ha ycrpoiictse: 192.168.0.4 3

Moaens OSI HAetanu ncxoaswero PDU |

— ®opmaTtbl PDU
i3
0 4 8 18 15 31 Bur
4 [ e | bsce:oxo TL: 128
ID: Ox1 oxo0 | 00
TTL: 128 | PRO: Ox1 CHKSUM
SRC IP: 192.168.0.4
DST IP: 192.168.0.5
OPT: 00 | 0x0
DATA (VARIABLE LENGTH)
Icme
(1] 8 18 31 Bur
TYPE: 0x8 | CODE: 0x0 CHECKSUM
ID: Ox2 SEQ NUMBER: 1
4« |

Pucynok 7 - CTpykTypa nakera
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Haxxméwm knonky "Briepén'. M maker TyT K€ ABUHETCS K KOHIEHTPATOPY. IDTO

€IMHCTBEHHOE CETEBOE MOKIIOUEHHUE C ITOU CTOPOHHI (8).

PC-PT
152.168.0.2

&
PC-PT
192.168.0.3

Server-PT
192.168.0.1

ab B knacce rnasHyi xab

PC-PT :
192.168.0.4 il
16¢ 192.168.0.10

Pucynok 8 - [Ipoxoxaenue nakera. [IepBblii 3Tan

KOHI_IGHTpaTOp IMOBTOPSCT MAKET Ha BCCX OCTAJIBHBIX IMOPTAaxX B HAACKIC, YTO HA

OJTHOM M3 HUX €CTb ajipecar (puc.9)

PC-PT
192.168.0.2

PC-PT

192.168.0.3 ab s knacce FnasHgiil xab Sonvertl

192.168.0.1

i
PC-PT .
192.168.0.4 Printer-PT
192.168.0.10

Pucynok 9 - [Ipoxoxnenue nakera. Bropoit stan
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Ecan INaKCTLI, KAKMM TO Yy3JlaM HC MMPCAHA3HAYCHHLIC, OHU IIPOCTO UTHOPUPYIOT UX

(puc.10).

192.168.0.2

RE— Y

PC-PT
192.168.0.3

Server-PT
92.168.0.1

192.168.0.4
.168.0.10

Pucynoxk 10 - [Ipoxoxnenue nmakera. TpeTuii sTam

Korna naket BepHETCS 00paTHO, TO YBUIUM MOJATBEPKICHUE COCTUHCHUS:

[To okoHYaHUM paccCMOTPEHUS PaOOTHI MOCTPOCHHOMN CETH BBITIOJHUTE CIIEAYIONINE
JICUCTBHS:

OxapakTepusyiite padoTy ceTH Ha 0a3e KOHIIEHTPAaTOPOB.

CocTtaBbTe anroput™ pabOTHl KOHIICHTpATOPA.

Cnenaiite BBIBOJ O BO3MOXKHOCTH MOCTPOEHUSI OOJBIIMX ceTeil Ha 0a3e JaHHbBIX
YCTPOMCTB, a TaK)Ke MOTYT JIM CO3/1aBaThCs METIIEBbIE CTPYKTYPHI B CETSX, TOCTPOCHHBIX
Ha 0a3e KOHIIEHTPATOPOB.

Jlanee HEOOXOAMMO MPOU3BECTH AHAJOTHYHBIE NEHCTBHUS C CEThIO, MOCTPOCHHOMN
Ha 0e3¢ KOMMYTaTOPOB.

OO1muMii BUJI TaKOW CETH MPEICTaBIICH HA pUcyHKe 11.
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-
PC-PT
192.168.0.2

'&' e e e e e

=

192.168.0.3 sl 2960f24TT
’ o Switch2 CnaeHbl EBMMYTaTOP Server-PT
192.168.0.1
PC-PT
152.168.0.4
Printer-PT
192.168.0.10

Pucynok 11 — Cetb Ha 6a3e KoMMyTaTOpa

OOparutre BHUMaHUE, YTO KOMMYTATOp OOJajgaeT 0ojiee CIOKHBIM aJrOpUTMOM
pabotel. IlosToMy mMOApOOHBIM 00pa30M OMNUIIUTE HU3MEHEHUS, MPOUCXOJSIINE B
Tabnuile KoMMyTanuu. JJaHHYIO0 TaOIHIly MOXHO MPOCMOTPETh C MOMOIIBIO KOMAaH/IbI

show vlan brief (puc. 12).

Switchfshow mac address-table
Mac Address Table

Vlian Mac Address Type Ports
1 000b.beSa.gel2 DYNAMIC Fa0/4 ]
Switch$ —

[ Copy ][ Paste

Pucynok 12 — Tabnuia koMMyTaluu

KoHTpoabHBIE BOITPOCHI:

1. ITosicHUTB aJIrOpUTM PabOTHI KOHIIEHTPATOPA.

2. Yto Takoe MHUPOKOBEUIATENbHBINA MAKETHBIA IITOPM?

3. OrpannueHus Ha MOCTOPEHHUE CETU MPU UCTIOIb30BAHUN KOHLIEHTPATOPOB?
4. OCHOBHBIE JOCTOMHCTBA U HEJOCTATKU KOHIICHTPATOPOB?

5. [losicauTe anroput™ paboThl KOMMYTaTOpA.

6. [losicauTe paboOTy KOMMYTaTOpPa B pEXKUME CaMOOOYUEHHUS.
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7. Knaccudukanus KOMMyTaTOPOB.

8. Kak pemaercst Bonmpoc 00pbObI ¢ TETISIMU Ha KaHAJIBHOM YpoHe?

9. Yto Takoe Vlan u 1151 9ero OH MOXKET OBITh MPUMEHEH B CETH?

10. IIpaBuiia kKoHPUTYpHUpPOBaHKS KOMMYTATOpa MpU HAacTporke Vlan.

11. Yto Takoe MarucTpajgbHbIi MOPT U JJIsl YETO OH HYKEH?

CHnHCOK UCMOIB30BaHHBIX HCTOYHUKOB:
1. Omudep B.I'., Omudep H.A. Komnsiorepusie cetu. [IpuHIUIIBL, TEXHOIOTUH,

nporokoisl. — CII6: «IIutepy», 2010. —943c.

Jlabopamopnaa padboma  Ned. Pacu€r u uUCCIEHOBAaHME XapaKTEPUCTUK

JIOKAJIbHOM BBIYMCIIMTEILHON ceTH Ethernet .

Ilenv pabomwi: vccieOBaHWE BOMPOCOB pacripesercHus Tpaduka B CETAX C
KOMMYyTaIei makeros. [loydeHne HaBBIKOB pacueTa CeTH U BEIOOpa KOMMYTAIIHOHHOTO
000pyIOBaHUS.

3aoanue.

JIisi MHIUBUAYaTbHBIX HUCXOJHBIX JaHHBIX TOCTPOUTH CXEMY CETH CBS3U U
MPOU3BECTH HMHACKCAIMIO BeTBeH cetu. [IpousBecTu ompeseneHre MUKOBBIX MOTOKOB
npu oOMeHax Iap aOOHEHTOB BCEX HMMEIOIIMXCS HAMpaBJICeHUSAX oOMeHa JIaHHBIX. Ha
OCHOBAHHMH TOJYYCHHBIX JAHHBIX MPOU3BECTH pacuéT mapameTpoB Tpaduka B BETBIX
cetu. ChopmynupoBaTh TpeOOBaHUS HJiI BHIOOpa KOMMYTAIIMOHHOTO OOOpPYJAOBAHHS U
TIPOU3BECTH ero BeIOOp. CrenaTh BBIBOIBI.

B mporiecce paGoTsl HEOOXOAMMO TTPOU3BECTH:

- TIOCTPOEHUE CTPYKTYPHOM CXEMBI CETH B COOTBETCTBUU C UCXOJAHBIMU JTAHHBIMU

AJIs1 CBOCTO MHANBHUAYAJIBHOT'O BApUAHTA,

- OIPEEIICHUE CPEAHECYTOUHBIX U TUKOBBIX IIOTOKOB MEXIY BCEMH 3JIEMEHTAMU
JoKanbHOU BhruMcnuTensHol cetu (JIBC);
- pacu€t o0bEMa MHPOPMAIIMOHHOTO MOTOKA B KAX/I0M COeAMHUTENBHON JIMHUN

(BETBU ceTH);
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Hcxoanbie JaHHbIE 715 pacyera.

PaccuutsiBaemas JIBC npesncraBisieT coOO0M KIMEHT — CEPBEPHYIO CUCTEMY,
00BEUHSIONIYIO CEPBEPHI U paboUre CTAHIIMKU COTPYIHUKOB BCEl KOMIIAaHUU.

Wepapxuueckasi CTpyKTypa CETH MOBTOPSET CTPYKTYPY MOAPA3ACIICHHUS.

Hcxonnbie naHHbIE:

1. Yucno cepepoB ot 3-x 10 6-u B cooTBeTCcTBUU ¢ Tabnuieit 1. Homepa
cepBepoB - m = 1+6.

2. Yucno otnenoB — 3. Homepa otaenos — 1= 1+3.

3. Yucno pabouux IrpyIil B KaKIAOM OTJeNe OT 3-X 0 6-U B COOTBETCTBUU C
tabiuuei 1. Homepa pabouux rpynmn — j = 1+6.

4. Yucno [19BM (pabounx cTaHIui, IEpCOHATBHBIX KOMITbIOTEPOB - PC) B
Kakoi pabdoueit rpynme paBHo 8. Homepa PC — k = 1+8.

5. IHTEHCUBHOCTh CpPEAHECYTOYHBIX OOMEHOB Jisl JII0OOM mapbl KIMEHT —
cepBep OJMHAKOBA U paBHa:

- B HanpaByienuu [I9BM — cepsep — 0,35 Ko6aiita/c;

- B Hanpasyienuu cepeep — [I19BM — 3 Koaiit/c;

- ko3 dULMEHT nmynbcauil Tpadrka (OTHOIIEHUE MUKOBBIX TOTOKOB K

CpEeIHECYTOUHBIM) OMPeAeIIsIeTCs 1o Tabyumiie 2.

Ta6nuna 1 - Yucio cepBepoB U pabouux rpymnn B OTAeNIax

[Ipennocnennsis Yucno Yucno pabounx rpymnim

wicppa mmppa CepBEpOB 1 otnen 2 otaen 3 otnen
0 3 3 4 o)
1 4 4 o) 4
2 4 3 4 6
3 3 4 4 5
4 4 4 5 6
S d) 3 S o)
6 5 4 4 6
7 3 5 4 o)
8 6 4 4 6
9 S 4 S 3
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6. IHTeHCUBHOCTH CPEHECYTOUHOTO BHEIIHEro oOMeHa s aroooi [ID9BM
OJIMHAKOBA U paBHa:

- B HarpaBienuu [19BM -Internet - 0,09 Koaiit/c;

- B HarnpaByieHnH Internet — [I19BM — 0,8 Koaiit/c;

- k09 punmeHt mynpcanun Tpaduka onpeaensercs no tabaume 3;

/. IHTEHCUBHOCTH CpeiHECYyTOUHOro oOMeHa Mexay [19BM oanoii paboueit
rpynmsl — 0,4 Ko6aiita/c. Kosaddunument mynscanmu — 60:1.

8. IHTEHCHUBHOCTb CpeIHECYTOUYHOTO oOMeHa wMexay Jmoo0eiMu  [[9BM
HoJpa3fesieHus He BXOJAIIMMU B OAHY pabouyto rpymmy — 0,15 Koéaiir/c.

KoaddummumenT mynscanmum — 40:1.

Tabmuua 2 - Kosdduuument nynbcaumii Tpapuka “KIMEHT — cepBep’ H
“cepBep — KJIMEHT”’

[Tocaeanss nudpa mmdpa of 1| 2| 3| 4 5| 6 7| 8] 9
KoaddunmenT nynbcamuit 40| 45 50| 55 60 65 70] 75( 80| 85

Tabnuua 3 - Kosddurment nynscaiuii BHenHero Tpaduka

[Mocnemnas mudppa () 1 234 5 6 7|8 9 rexymero roga

Kosppmmment | g5 94| 95| 100/ 110 120 130 140 150 160
IMyJIbCanuu

[Topsiiok BBIOTHEHUS] KOHTPOJIBHOM paOOTHI.

1. CocraBuTth CTpyKTYpHYIO cxemy JIBC, yTouHHB 1t CXeMbI (pUCYHOK 1)
YKCJia CEpBEPOB U pabOUUX TPyMN B OTJEIaX JJIsl CBOEr0 BapuaHTa.

2. Jlnsg ynoOcTBa qanbHEHIIMX PacueTOB MPOBECTH MHICKCAITUIO BCEX y3JI0B
CXEMbI CBOET0 BapHaHTa MOJ00HO TOMY, KaK 3TO CIIeJIaHO Ha CXeMe pucyHkel.

B paccmarpuBaemoii cetu noj y3iaom N (Node) monumaetcs aro60e
ycTporicTBo Tuna mapmpytuzatop (Router), kommyrtatop (Switch).

Jluauu cBsA3M (BETBU) MEXTY y3JIaMH YI00HO MHACKCUPOBATh TaK Ke, KaK

y3€J1, paCIOJIOKEHHBIN HIKE 10 uepapxuu. Hanpumep, muHUIO, COETUHSAIONIYIO Y3€1
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N1 (B manHom cimydae kommyTtatop K1) ¢ y3mom Ni; (kommyratop Kip), Oymem
0003HayaTh Kak V11, a TMHUIO, coenuHstonyio Nag (kommyTtatop K3g) ¢ y3mom N3gg
(PC-368), 0603HaunM Kak V3gg. ITH 0003HaYCHHS OyIyT HEOOXOIUMBI IIPH pacdyeTe
ITOTOKOB B JINHUSIX.

Camble HwxHME BeTBU (Mexay IIOBM u KOHUEHTpPaTopoMm) HMEIOT
TPEXUHJIEKCHOE 0003HaYeHue Vijk , rae: 1 — HoMep oTaena, j — HoMep pabodeit
rpynmsl 1 k — Homep [IT9BM B paboueii rpymre.

[Tpu BeIMOTHEHNH PabOTHI MOKHO BBOJUTH CBOIO HyMepaluio, GOpMUPYEMYIO
0 JPYroMy MPUHLUIIY, OJHAKO HEOOXOJMMO OOECHeYuTh HE MOBTOPSEMOCTh
BBEJIEHHBIX 0003HAUEHUII.

3. IlpoumsBectu pacyeT MUKOBBIX MOTOKOB JJIsl HAlpaBiICHUN OOMEHOB,
YKa3aHHBIX B HUCXOJHBIX AaHHbIX. Hanpumep, eciu tpaduxk I[I9BM — Cepsep
coctasisieT 0,35 Kb6aitra/c npu nynbcarusix 100:1, To MUKOBBIM MOTOK COCTaBUT 35
kOaitt/c. Jlns nanpasnenus: Cepep — [I9BM cocrapnsier 3 Kbaiita/c mpu ykazaHHOM
Kod(hpUIHeHTE MyIbcalliu MTUKOBBIN MOTOK cocTaBuT 350 kOaiT/c.

Heobxoaumo nmoHMMaTh, YTO MEPEXOs Ha pacyE€T CETU MO MUKOBBIM MOTOKaM
HaMi OyJeT CO3/JaBaThbCsl HWACAIBHBIN Ciydyail, XapaKTepHU3YIOIUM MaKCUMaJIbHO
BO3MOXHBIE B CETH YPOBHM HAarpy3ku BO BCEX €€ BETBSX. B peanbHBIX YCIOBHSIX
AKCIUTyaTal[il CETH TaKOM pekuM padoThl, CKOpee Bcero, HeBo3MoskeH. Ho onmpasich
npu BbIOOpe 00OpyAOBaHUS HA TaKOM pacdy€T Mbl 0OECIEUMM TrapaHTHUPOBAHHYIO
paboTy cetu 6€3 meperpy3ok €€ oT/IeIbHBIX BETBEH.

4. OnpenenuTh CyMMapHbl€ NHKOBbIE TOTOKH I KaXJAOW BETBU. ITO
OCHOBHAsl pacyeTHasi 4aCTh pabOThl, TpeOyroIIasi TOUHOCTH U BHUMATEIBHOCTH.
OpueHTUpysICh HAa CyMMapHbI€ NMUKOBBIE MOTOKH, HEOOXOAMMO OYJET ONpeaessiTh
IPOIYCKHbBIE CITIOCOOHOCTH COOTBETCTBYIOIIMX BeTBeU. DAKTHUUECKH ITO CBEAETCS K
BbIOOpPY OJIHOTO U3 cyliecTByromux cranaaptoB; Ethernet (10 M6ut/c), Fast Ethernet
(100 Mo6wut/c), Gigabit Ethernet (1000 M6wut/c) unmu 10 GBit Ethernet (10I°6uT/c).
[Ipu BBINOJHEHUHU HTOTO 3aJaHUsI HEOOXOJMMO COCTABUTh TAOJIUILy CO CTOJOIAMH —

BETBSIMU M CTPOKaMH — MOTOKaMU Clieyrolero Buja (tadiuia 4).
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Tabauna 4 - O0béMbI OTOKOB B BeTBsAX JIBC

O0BbEéMBI NOTOKOB B BeTBsAX (M0OaiiT/c)
Buna tpaduka

Vijk | V2ik | V3ik | V1j | V2j | V3| Vi1 | V2 | V3| Vo | Vsm

>
[I29BM S Cepsep
Ceprep _ I[IDOBM

I19BM Internet

9
Internet _ II9BM
IBM ~ [HBM
OIHO# padou.
rpyJibI
II2BM II9BM
pPa3HbIX padoy.
rpynn
CymmapHbIit
Tpa(uK B BETBH
CymmapHas
CKOPOCTh B BETBH,
MonTt/c

CrpykTypa TaOauIbl OTPaXKaeT CIAEAYIONNEe OCOOEHHOCTH UCXOIHBIX JaHHBIX:

- B KaXJ0M oTAese MOTOKH Mexkay II9BM 1 KOHIIEHTpaTOpOM OJIMHAKOBHI.
[ToaTomMy B TabnuIle 411 BETBEH HMYKHETO YPOBHS BBIJICIICHO TOJIBKO TPH CTOJIOIA —
Vijk (BetBu 1-TO 0TAHENA), V)jk U V3jk;

- B KaXKJIOM OTJIEJI€ IOTOKU MEXKIY KOHIEHTPATOPOM U KOMMYTATOPOM JIJISt

K10 paboueil rpyIibl oJuHaKkoBbl. [To3TOMY B Tabnuie 11si BETBEH CPEeIHETO

YPOBHsI TOXE BBIJIENICHO TOJIKO TpHU cTojI0na — V1j (BeTBU 1-r0 oT/1€0a), Vi 1 V3 .
Hanpumep, nukoBbId OTOK OT cepBepa S1 10 PCq1g, mpoiaer o BeTBaM Vsi.
V1, V11 1 V118 ¥ 10JKeH OBbITh OTMEYEH B cTonbnax Vem , V1, Vij u Vijk . [lotok
mexay asyms [IDBM 1-ro u 2-ro oTAENoB, NPOWIET IO BETBAM, Hanmpumep, Vi1j,
V11, V1, V2 V21 1 V218 ¥ JOIKEH OBITh OTMEYEH B COOTBETCTBYIOIIUX CTOJIONAX.
Heo6xonumo 00s3aTeibHO TPOCUUTHIBATH KOJUYECTBO OJMHAKOBBIX IMMOTOKOB,
MPOXOASIIIUX MO TOW WIM HWHOW BETBU, M YKa3blBaTh WX CYMMAapHBIA OOBEM.
Hanpumep, B 5-ii cTpoke cTomOua Vijk yKasbIBa€TCs MUKOBBIA MOTOK OT OJHOM M3

[I19BM 1-ro otnena xk cemu npyrum [I9BM cBoeii paboueli rpyniibl, yMHOXKEHHBIH

Ha 2. YABOEHHE MMOTOKAa HEOOXOAUMO JIJIsl y4€Ta UCXOISAIIETO U BXOISIIETO TOTOKOB,
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TaK KaK MO OJHOM W TOM K€ BETBH V131 MPOXOAUT, Hampumep, notok PCq3p

PC13g m motok PC133  PCi31.
[Tocne BkmtoyeHHss B Tabia. 4 BceX MOTOKOB MOXKHO OyAeT MOJCYUTATH

CYMMapHbIi HH(OPMAIIMOHHBIN MOTOK B KaX/I0H BETBU.

CTouT OTMETUTh, YTO TAKOM MOJACYET CyMMapHOW HArpy3KH SIBISIETCS OUCHb
yOPOIIEHHBIM, TaK KaK NUKU I[IOTOKOB HOCAT CTOXAaCTUYECKHM XapakTep u
HE0O0s3aTeIbHO COBMAAAIOT BO BPEMEHHU. /[l TOYHBIX pPACUETOB MNPUMEHSIOTCS
METOABl TEOpUM  TeleTpaduka, HO IS CIOXKHBIX  CETeH, IMOJ00HBIX
paccMaTpuBaeMoi, OHU He pa3paboTaHbl. B ciiydae HE0OXOAMMOCTH MOTyUYECHHUS
TOYHBIX 3HAYCHUH OOBEMOB TIOTOKOB TMPUMEHSIIOT METOJbl MMUTAIIMOHHOTO
MOJICTTUPOBAHUsA, KOTOPHIE BBIXOASIT 3a paMKUA JaHHOM KOHTPOJBHOW pPaOOTHI.
OnHako, MCTHOJIB30BAHHE TAaKOW SIBHO 3aBBIIICHHOW OLIEHKH CYMMAapHOTO IOTOKa B
KAaKO-TO CTENEHW ONpaBAaHO, TaK KaK CO3JAeT ONpPENESICHHBIN 3amac MpomyCKHOM
COCOOHOCTH KaHaoB. OObIYHAs TpPaKTUKA HPOEKTHUPOBAHUSA CETEH - 3arpyXarb
KaHaibpl W3Ha4YainbHO HE Oojnee, yem Ha 20-30%, IOCKOJbKY HWHTEHCHUBHOCTH
MH(POPMAITMOHHOTO 0OMEHA B COBPEMEHHBIX CETSX HEMPEPHIBHO BO3PACTAET.

5. OmpenensitoTcsi TpeOyemble KaHAJIbHBIE CKOPOCTH JUIsl KaXKJIOW BETBU
(3amostHsieTcsl TocleqHsis cTpoka Tabmuma 4). OO0menpuHATo WHOOpPMAIMOHHBIC
MOTOKH W3MEPSITh B 0ailT/c, a KaHambHBIE CKOpocTH B Out/c. [loaToMy mepexosn ot
MpeAnociaeAHel cTpoku Tabauue 4 K mocieJHENR COCTOUT B MTPOCTOM YMHOXEHUU €€
3HaYeHUM Ha § (Ha 4Kciio OUT B Oaiite).

6. Ha 3axmrounTenbHBIX dTamax pabOThl CTYACHTHI JOJKHBI BBIOPATH
obopynoBanue s y3i0B JIBC, onpenenuTs CTOMMOCTh BEIOPAHHOTO 000PY/I0BAHUS
U paccuuTaTh Bpems peakuuu B Tpakte “TI9BM — Ceprep — [I9BM”.

Br160op o6opynoBanus s y3ios JIBC.

PaccmoTpum psin yCTpOMCTB (KOHLIEHTPATOP, KOMMYTATOpP, MapLIpyTU3ATOP),
KOTOPBIE UCIOJIB30BANIMCH MpH noctpoeHnu gannou JIBC.

KoHnieHTpaTop — 3TO MHOTOMOPTOBBIA MOBTOPUTETH, KOTOPBIA OO0 OHT,
NOSIBJISIIOIIMKCA Ha JIOOOM M3 €ro MOpTOB, IEpelaeT Ha BCE JpYyrHe MOPTHI,

HE3aBHCUMO OT aJipeca MPUHATOr0 Kajpa (aapec /1ake He aHATU3UPYETCs).
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[losiBNieHHe cUTHAIOB OJTHOBPEMEHHO Ha JBYX WM 0oJjiee BXOJaX paccMaTpUBAETCS
KAaK CTOJKHOBEHHE M OOHApYKMBAETCsd HCTOYHMKAMHU 3TUX cHUTHaioB. Ilepenaua
BPEMEHHO TIpeKpamiaeTcs U BO30OHOBISETCS Yepe3 HEKOTOPBIA CIydalHBIN
MPOMEXYTOK BpeMeHH. KOHIIEHTpaTop — yCTpOMCTBO ¢u3ndeckoro ypoBHs. OH
MIPOILE U JICIEBIIE KOMMYTAaTOpa, HO Oe3aJpecHas nepeaayda KaJpoB Ha BCE BBIXOJbI
CHWJIBHO NEPErpy’KaeT COOTBETCTBYIOIIHMIA CETMEHT CETH. JTO MPHUBEIO K TOMY, YTO
JAHHOE YCTPOWCTBO B CO3JIAHMM YETEH YK€ HE IMPUMEHSAETCA. XOTS U MOYKHO €ro
MHOI'/1a BCTPETUTD.

KommyTtaTop - 11000# NOCTYNarOUMid Ha €ro MOPT KaJp 3alUChIBACT B aMSITh
(LeTMKOM MJIM TOJIBKO 3aroJIOBOK), AaHAJIM3UPYET aJpec MoydaTelsis U MepeaacT 3TOT
KaJp TOJBKO B HANpPaBJIEHUH K aapecaTry. OTO NAa€T BO3MOXKHOCTH KOMMYTATOPY
OCYUIECTBJISATH OJHOBPEMEHHO HECKOJIbKO 0OMeHOB. Hampumep, nepenaBaTh Kajap ¢
nopra | Ha mopt 7 m omHOBpemeHHO ¢ ll-ro mopra - Ha 9-u. Kommyrarop —
YCTPOMCTBO BTOPOro ypoBHsA. OH MPOW3BOAUT MEpenady KaapoB B COOTBETCTBUHU C
bu3uYECKUMU aJpecaMu MOPTOB.

MapuipytnuszaTtop — ycTpoucTBO 3-ro ypoBHA. B ceTsx, Bxomamux B Internet,
MapuIpyTHU3aTOpbl aHATU3UPYIOT ajipeca [P-nakeroB, noctynaromux Ha Jito00H U3 ero
IIOPTOB, U B COOTBETCTBHUM C OJTHMM aJApPECAMH HAIPABISIOT NAKETbl K JIPYTHM
MapuipyTtuzaropam win [I9BM (nanpsimyro unm yepe3 cetu 2-ro ypoBHs). pyras
CyllecTBeHHass  (yHKUMS ~ MapuipyTh3aTopa —  COIJJaCOBAaHME  MPOTOKOJOB
Jorudeckoro ypoBHs. Kak mpaBuiio, mopTsl MapuipyTU3aTopa MHOIO()YHKIIMOHAIBHBI
(unmu monyneHbI). K ogHOMY MapuipyTH3aTOpy MOTYT MOAKIIOYATHCS, HAIpUMED,
kanainel JIBC Ethernet u kananest cetu ATM, Frame Relay wiu ISDN.

Br160op 060py1oBaHusi MPOU3BOAUTCS MO CIEIYIOIIMM KPUTEPHSIM:

- 4yncio nopToB. OUEBHUIHO, UTO MPUOOPETaEMOE YCTPOHUCTBO AOKHO UMETh
YHUCJIO MIOPTOB, HE MEHBIIIEE, YEM YHUCIIO OAXOAAIINX K HEMY KaHaJOB;

- HaJU4M€ COOTBETCTBYIOLIMX (U3NYECKUX HHTEepP(PEHCOB: KOaKCHUaIbHbIC
kaOenu, BUTAs Mmapa, ONTOBOJIOKOHHBIN Kabenb. JJIg Hamel cXeMbl IPUMEM, YTO BCE

KaHaJIbl OpraHru30BaHbl HA BUTHIX IIapaxX KaTCropruunu 5,
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- HaJIMYME€ COOTBETCTBYIOIIUX JIOTHYECKUX HHTepdeiicoB. s BHYTpEeHHUX
JUHUH Haiel cxeMsl mpuMeM uHTepdeiicel pazHoBuanocTeit Ethernet (Ethernet, Fast
Ethernet , Gigabit Ethernet unu 10GBit Ethernet);

- TIPOMYCKHBIC CIIOCOOHOCTH TIOPTOB AOJDKHBI OBITh HE HIDKE KaHAJIBHBIX
CKOpPOCTEH, pacCUMTAaHHBIX [ COOTBETCTBYIOIIMX JIMHUM (MOCIEIHSASI CTpOKa
tabauiel 4). Ilpy 3TOM HeoOXOAUMO OOpaTHTh BHHMaHHWE Ha CIEAYIOIIee
00CTOSITENBCTBO: MpEJCTaBICHHBIE B Tabmuile 4 TOTOKM TOMYyYEHbl IMyTEM
CYMMHPOBAHHS JIBYXCTOPOHHUX TOTOKOB B Ka)K10oil BeTBU. [loaTOMYy BBIOpaHHBIE
KaHAJIbHbIE CKOPOCTH OyAyT JOCTAaTOYHBI JaXKe JUIsl TMOJIYIYIUIEKCHBIX DPEKUMOB
pabotel moptoB Ethernet, a B ciryyae BpiOOpa amnmapaTypsl ¢ JYIUIEKCHBIM PEXUMOM
Oyner obOecrieueH OMNpeneEHHBIA 3amac Mo MPOMYCKHOM CIOCOOHOCTH BeTBH. B
Jy4IIeM ciiydae, Ipu CMMMETPUYHOM Tpaduke, 3amac OyeT ABYKPATHBIM.
Hamnpumep, npu nyruiekcHo#t cBsizu moptel Ethernet 10 MOut/c MoryT nepenaBathb
JIaHHble co ckopocThio 20 Mout/c — mo 10 MOuT/c B KaXJOM HallpaBiICHUU.
OTMeTuM Takke, 4TO CcOBpeMeHHble cTaHmapThl Ethernet, kpome KoakcHalbHBIX
BEpPCHii, UCTIOJIB3YIOT, KaK MPaBUIIO, AYTUIEKCHBIE PEXKUMBI;

- CyMMapHasi MpOMYyCKHasi COCOOHOCTh YCTPOMCTBA JOJIKHA OBITh HE HIKE
CYMMBbI PAaCCUMTAHHBIX KAHAJIBHBIX CKOPOCTEH JJIS BCEX JMHUMU, MOAKIIOYAEMBIX K
ATOMY YCTPOMCTBY.

PexoMeHatinu mo BeIOOPY 000pY0BaAHUSI.

[Tpu BEIOOpE 000PYI0BAHMS U3 HOMEHKJIATYPhI: MApUIPYTU3ATOP, KOMMYTATOP
HE0OXOIUMO TOJIH30BATHCS CICAYIOIIMMHU MTPABUIIAMHU:

- MapUIpyTHU3aTOp MO CPAaBHEHHIO C KOMMYTaTOpoM oO0JagaeTr OOoJbIINM
uHTeIIeKTOM (padota ¢ IP-aapecamu, 6oprOa ¢ MUPOKOBENIATEILHBIMU IITOPMAMH ),
a KOMMYTaTop JienIeByie U 00J1ajiaeT, Kak MpaBuiIo, OOJIBIIUM OBICTPOICHCTBUEM;

- KOMMYTaTOp 1O CPaBHEHHUIO C KOHIIEHTPATOpOM 0oJiee MHTEIICKTYyaJIeH
(pabota ¢ MAC-ampecamu, UYTO TMO3BOJIIET CYIIECTBEHHO OTPAaHUYUTH 30HY
KoJutm3ui, crnenuduunyro st texHonorun Ethernet). Konmentpatop nemiesie.

OI[HaKO, B IIOCJICAHHUC I'OJIbI B CBA3U C MACCOBBIM BBIITYCKOM MHUKPOYHIIOB JIJIA
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KOMMYTaTOPOB UX CTOMMOCTh 3HAUUTEIHbHO CHU3UJIACH U OHU CUYUTAIOTCS Ooee
PEITOYTUTEIEHBIMH.

B nanno#t paboTe BHIOOp KOHKPETHBIX 00pa3lloB 00OpYAOBaHUS HEOOXOIUMO
caenath camomy. [lpu 3TOM HEOOXOAMMO paccCMOTPETh 00OPYI0BaHHE KaK MUHUMYM
TpEX TMPOU3ZBOAUTENIEH WM W3 HEro Caenarth BBIOOpP, TPH 3TOM HEOOXOIUMO
00s13aTeIbHOE 000CHOBAHNE COBEPIIEHHOTO BHIOOPA.

JJ1s TOMCK KOMMYTAITMOHHOTO 000pYyI0BaHUSI HEOOXOAMMO TOJIE30BATHCS
uH(popMalei ¢ oUIUaTbHBIX CAUTOB MPOU3BOIUTENCH. :

http://www.tp-linkru.com — caiit komnauuu TP-Link;

http://www.qtehc.ru — caiit kommanuun Qtehc;

http://www.dell.ru — caiit kommaunu Dell;

http://www.cisco.com — caiit komnaauu CisSco;

http://www.dlink.ru — caiit xommanuu Dlink;

http://www.huawei.com — caitit kommnanuu Huawei;

http://www8.hp.com — caiit kommanuu Hp.

PacueT BpemMeHM peakiiuyu CUCTEMBI.

B cucreme kimMeHT - cepBep MO BPEMEHEM pEaKIMM MOHUMAETCS MHTEPBAI
BPEMEHM MEXJy BBOAOM 3ampoca B [I9BM kimeHTa M NOJydeHHEM OTBETa Ha
skpaHe MoHHuTOpa. C OOJIBIIMMHU YNPOIIEHUSAMH 3TOT PacdyeT MOKHO IMPOU3BECTH
CICAYIOIIMUM 00pa3oMm.

B o0miem Bujie

Tp=tys + 1s + 1o,

- Tp - BpeMs pEeaKlvu;

- tq; - BpeMs nepeaaum 3amnpoca ot II9BM no ceppepa. Tak kak 3ampochl, Kak
MPaBUIIO, OUEHb KOPOTKHUE, TO MOYKHO B ty; YUECTh TOJIBKO 3a/I€PKKHU B y37aX.
[TpumepHO 10 25MKC. HA KaXI0M y3Jie (KOHIIEHTPATOpE UM KOMMYTATOpPE);

- s - BpeMsi MOJArOTOBKH OTBETa cepBepoM. Eciu HE y4YUTHIBATH BO3MOXKHOE
CTOSIHHE 3aIlpoca B 04epeId Ha 0OCTy>KUBAHUE CEPBEPOM, TO MOKHO TIPUHSTH tg

paBHbIM 0,5Mc;
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- tho - Bpems mepeaaun oTBeTa ot ceppepa 10 [I9BM. 3aeck, kpoMe 3aaepKKu
B y371ax (25 MKc.), CleIyeT y4ecTh U BpeMs IPOXOKIACHHS ITUHHOTO OTBETA Yepe3

CaMbIi HU3KOCKOPOCTHOM KaHal.

PaccmoTtpum 1niens kananoB Mexay cepsepoM S1 u PCq111 (Pucynok 2).

S1 No N1 N11 PCiu1
O Vs1 N\ V1 N Vi N\ Vi O
\_/ \_/ \_/

Pucynok 2 - Cxema tpakra cepBep — padbouas cranus (IIDBM).

[Tycth B pe3yibrare pacyeToB IO IYHKTY S5 ONpEACIICHBI CIICIYIOIINe
Ka"anbHBIE cKopocTH: C111=10M6uTt/c, C11=10M6wuTt/c, C1=100 M6ut/c:

Torpa, ns mepenaun OTBETHOTO (aitna, Hanmpumep, auHoN B L Moaiit, mo
caMOMy HHU3KOCKOpOCTHOMY KaHainy V111 (ckopocth C111=10M6uT/c) morpedyercs
BpeMs

{ —L-8_00110°-8 g,
e 10 -10°

(mns L=0,01 Moaitr).

[Mudpa 8 B uncnuTene COOTBETCTBYET uuciay OUT B Oaiite. Takum oOpazom,
oO11ee BpeMsi peakIiui COCTaBHUT:

Tp=3-25mkc + 500mKc + 3-25mKe + 8000mMKe = 8650 MKcC.

Kosdbdummentst 3 B nmaHHOM (QopMmylie COOTBETCTBYIOT 3-M  y3Jam,
paznensironum [I9BM u cepBep. Bpemss - 500Mkc — 3TO TpOAOIKUTEIBHOCTD
MOATOTOBKM OTBeTa cepBepoM. Bpemss - 8000MKC — 3TO pacCUMTaHHAs BBIIIE
IPOJOJDKUTEIBHOCTD Nepeaaun oTBeTa (8mc). Jnuny oTBetHoro daiina L cryaeHT
BBIOMPAET MPOU3BOJIBHO U HE3aBUCUMO OT JAPYTHX CTYJICHTOB.

Ctporo roBops, pacu€T BPEeMEHH PEaKIMH JOJKEH ObUT yUYHUTHIBATH U BPEMSI
pacnpocTpaHeHUsl CUTHAJIA (3JIEKTPOMArHUTHOW BOJIHBI) OT KOMITBIOTEpA 70 cepBepa
1 oOparHo. B oOuem ciy4ae, 910 Bpems onpenensercs Kak t, = S/v , rae: S —

paccTosiHue MEXy IBYyMs y3J1aMu (110 Kabelno);
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V — CKOPOCTb PacHpOCTPAHEHUS JIEKTPOMArHUTHON BOJIHBI B KaOeje JaHHOTO
Tumna (MoXHO TpuHATh v = 200000 xm/c).

Torma i S = 100 M mony4nm t, = 0,5 MKC. A BpeMsl pacrnpoCTpaHEHHUs
CUTHaJIa B 00€ CTOPOHBI ONPENETUTCS KaK ty) = 1MKC.

B cBs13u ¢ Tem, uro Tononorust JIBC (pacnonioskeHue cepBepoB, KOMIIBIOTEPOB,
KOMMYTaTOpOB) B JTAHHOM NPAKTUYECKOM 3aJlaHWH HE ONpEeNeNseTcs, a TaKXKe B
CBS3U C HE3HAUUTEIBHOCTBHIO BPEMEHHU pacCHpOCTpaHEHHUs B Mpeliesax HeOOJbIION
JIOKaJIbHOM CETH, 3TO BpPEMsI IIPU PACUETE BPEMEHU PEAKLIUU HE YUYUTHIBAJIOCH.

3aKIIFOYECHHE.

B 3axmtouennn paboTbl HEOOXOIUMO MPUBECTU OCHOBHBIE
napameTpbl PACCUUTAHHON CUCTEMBI:

yucio II1DBM;

BpEMS PEAKIINH;

CKOPOCTB KaHaya focryna B Internet;

CTOUMOCTD BBI6paHHOFO KOMMYTallMOHHOI'O 060py,Z[OBaHI/IH.

CHOmucoK UCTOYHUKOB:

1. B.JL. bpoiino BeruucnurenbHbIe CUCTEMBI, CETH W TEJICKOMMYHHMKAIIMH:
yaebHoe mocooue st ctyneaToB BY30s/B.J1. bpoiino, O.I1. Unbuna. - 3-¢ nu3ganue,
- CII6: ITutep, 2008. 766 c.: un.

2. Omudpep B.I'., Omudep H.A. Kommbrorepusie cern. IIpuHIMIIBI,
TEeXHOJIOTHH, TTpoToKoJIbl. YueOHuk s BY30s/B.I". Omudep, H.A. Onmudep 3-¢
u3a.- CII6: [Turep, 2009r.- 958 c.: ui.
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IIpakTuyeckoe 3anaTue Nel. Cucrema TeneoHHOM HyMepaIuu U CTPYKTYPBI

MCKAYTOPOAHBIX U MECTHEBIX Teﬂe(bOHHBIX CeTeH.

Ilenv pabomwi: wiccnenoBaHWE U3YYUTHh IJIaH HyMEpalWW JIEHCTBYIOUIMHA B
TOOII u noayynTh NPAKTUUYECKHE HABBIKA IOCTPOECHUU CETEH M paclpeesieHus
HyMepaluu.

3aoanue. WU3yunth cucremy TeneOHHOW HyMEpalMl W  CTPYKTYpHI
MEXIYTOpPOAHBIX M MECTHBIX Tene(oHHbIX ceTed. [IpomsBecTu mMOCTpoeHHE CETH
CBSI3M B COOTBETCTBUU C yKa3aHUSMHU WHIMBUAYATbHBIX HCXOJHBIX NaHHBIX. JlaTh
HyMepalu a0OHEHTaM MECTHBIX CeTell, MPUHSB 3aKPBITYI0 CHCTEMY HyMEpalHH.

BI)I6paTB KOAbI MCCTHBIX ceTeu u KOJbI 30H CEMHU3HAYHOM HyMCpaluu.

[Tox cucremoit Hymepanuu (numbering system) MOHMMAETCSI COBOKYIHOCThb
OpaBW, TMO3BOJSAIONIMX UWACHTUDULIMPOBATH CETH, HUX (QparMEeHTbl, a TaKKe
BBI3BIBAIOIIMX U BbI3BIBAEMBIX I0JIb30BaTeNeii. B TelnepoHHBIX ceTX TEepMUH
«HOMEp» HCIOJB3YyeTCs Uil O0O3HAYEHUs TOW MOCIEAOBATEILHOCTH LUQp H
CUMBOJIOB, KOTOpas OJHO3HAYHO ONpEAeNsieT MECTO NOJKIIYEHHS K CeTU
tepmuHana, YATC, IIOB u gpyrux ycTpoucTs.

Crnenyrollee BaKHOE MOHATHE - «IUIaH HyMepauuu» (numbering plan). On
omnpezenseT Gpopmar U CTpYKTypy HOMepa, KOTOPBIN JT0JKEH HaOpaTh BbI3bIBAIOLIHIA
a0OHEHT i yCTaHOBJIEHHs TpeOyemoro coeauHeHus. [lecsatuunsie uudper (4
CUMBOJIBI), OTIPEAENsiEMbIE TUNIAHOM HyMepaluHi, 00ObIYHO CETMEHTUPOBAHbI B TPYIIIbI,
KOTOpBIE TO3BOJISIOT BBLACIATh MH(OPMALINIO, OTHOCSIIYIOCS K CTpaHe, K CEeTH U K
TepMuHaily aboHeHTa, oneparopa Y ATC unu [{OB. I1nan Hymepanuu He BKIIIOYAET B
cebs1 mpedUKChl W JPYryr JOTOJHUTEIBbHYI HHGOpMaIU0, HEOOXOAUMYIO U
yCTaHOBIEHUs coeAuHeHus. [lpepukcel u  JgomonHUTENbHAs — HMH(DOpMAIUS
onpenenstorca npaswiamu Habopa Homepa (dialling plllm). Hampumep, aboHeHT
YATC cobOupaercs MO3BOHUTh B KOMIIAHHUIO IO HOMEPY, KOTOPBIM HM3BECTEH U3
pekiambl. JIomycTUM, YTO HOMEp BBI3IBAEMOT0 a0OHEHTa COCTOUT U3 ceMu Ludp -
2345678. Ot uudpsl YyCTAaHOBJICHBI B COOTBETCTBUM C IIJIAHOM HYMEpAIMH TOM

MECTHOM ceTH, B KoTopyto BkItoueHa Y ATC. [1nan Habopa Homepa OyJ1eT TaKUM:
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— cHavasa aboHeHT YATC wnabupaer npeduKC BBIXOJa B MECTHYIO Telle-
(OHHYIO CeTh, B KAUECTBE KOTOPOTO PEKOMEHAYETCS UCIIONIb30BaTh UDPY «9»;

— 3aTreM HeoOxoauMo HaOpaTh ceMb udp (2345678), KOTOPBIX MOKET
0Ka3aThCsl BIIOJIHE JJOCTATOYHO JIJIs1 YCTAHOBJIEHUSI TPEOYEMOTO COeIMHEHNS,

— B HEKOTOPBIX CJIy4asX BbI3bIBAIOIIMI AOOHEHT TMOJY4YaeT pPEUYEBYIO
MOJICKa3Ky, B KOTOpPOM, HANpHUMEp, COIAEPKUTCS MPEIIOKEHUE MEPEUTH B PEKUM
MHOTOYaCTOTHOTO HaOopa W HaOpaThb HOMEp «555» I MOMy4YeHUs MOAPOOHBIX
CBEJICHUH O MpeJIaraéMbIX TOBapax WM yCIIyTax.

[Ipedpukc Beixoga ¢ YATC B MeCTHYIO T€IEQOHHYIO CETh, CUMBOJ « * » IS
repexo/ia B PeKUM MHOTOYACTOTHOrO Habopa U mudpsl «555» B JaHHOM cliydae
BXOJST B aTpuOyTHI IJ1aHa Habopa HoMmepa. [1nan HyMmepauuu coaepKUT TOJIBKO CEMb
yHOOMSHYTBIX LHPp - 2345678. Ilpedukc B oOuiem ciiyyae COCTOMT U3 OJHOW WM
oosiee uudp. OH, B 3HAUUTEILHOU Mepe, ONPEACISIET CTPYKTYpy HaOupaeMoi aaiee
COBOKYMHOCTU LIU(PP U CUMBOJIOB. [IpHUHATO BBIIENATH NPe(UKCH MEXITYTOPOIHON U
MEKTYHAPOIHOU CBSI3H.

B poccuiickoit TPOII nmoka B kauecTBe 3TUX NPEPHUKCOB UCTIONB3YIOTCA HUdpa
«8» n komOuHarus «8-10%» COOTBETCTBEHHO.

[lnan Hymeparuu s MEXIyHApOJHOM TeJe(pOHHOM CEeTH U3JIOKEH B
pexoMengauusax ITU-T cepun E. OcHoBHas unpopmanus 1 TPOII conepxurcs B
pexomenaanuu E.164.

PazpaboTtka ontumanbHOoro maHa Hymepanuu TPOIl - ogHa w3 cambix
CJIOXKHBIX 3aJ]a4, BO3HUKAIOIIMX Mepes AIMUHUCTpAUsIMU CBs3U. MI3MeHeHue miiana
HyMEpallMd CBSI3aHO C PEIICHUEM psla OPraHU3alHOHHBIX, AKOHOMHYECKUX,
TEXHUYECKUX U, B HEKOTOPBIX CIIy4asiX, ICUXOJOTUYECKHUX 3a/1ay.

[Inan HyMepauuu B TEIEKOMMYHUKAIIMOHHBIX CETSAX W YACTOTHBIM CHEKTP B
pPaanoCBs3U UMEIOT sl cX0kuX 4yepT. U To, u Apyroe npeacrasisieT coO0i nmpumep
MIPUMEHEHUSI OTPAaHUYEHHBIX pecypcoB. [locime TOro xak 3TH pecypchbl MCUEpIaHBbI,
HE0OXOJMMO OCBaMBaTh HOBBIC JHAMA30HbI (HyMEPALUU U CIIEKTPa COOTBETCTBEHHO).
OtoT mpouecc TpeOyeT OONBIIMX HWHBECTHUIMA M, KaK IMPaBWJIO, COMPSIKEH C

U3MEHEHUSIMU B SKCILTyaTUPyEMOM 000pPYJOBaHUU.
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OcHOBHbIE OCOOEHHOCTH IUTaHAa HYMEpAIllH, MCIOJIB3YEeMOTO0 B POCCHUHCKOM
T¢OIl, obun onpenenensl Anmunuctpanueit csizu CCCP. AamuHHCTpanuu cBs3u
OOJIBIIMHCTBA PA3BUTHIX CTPaH CTPEMIIUCH pa3pabaThiBaTh IUTAaH HyMEpallHH,
pacCUMTaHHBIM HA HECKOJBbKO Jecsatuietuil. Hexkoropele AAMHUHUCTpaLMM J1akKe
JNEKJIapupoBalid Nepruo aeructBus cucreMbl Hymepauuu ot 50 go 100 ner. Pa3zsutue
ANEKTPOCBSI3A NPHUBEIO K TOMY, YTO 3a IOCJIEIHHME TOIBI IUIAaHBI HyMEpaluuHd BO
MHOTMX CTPaHAaX IPETEPHENN 3aMETHbIC HW3MEHEHHs. AHAIOTMYHBIE MPOLECCHI
xapakTepHsl U 1 poccuiickoit THOIL

JerictByronui maH Hymepauuu ECO PO.

[lnan wymepanmu, ucnoib3yeMbii B oteuecTBeHHOM TQOII, ompenensiercs
PAOOM PYKOBOISAIIMX JOKYMEHTOB, NPHUHATBHIX AJMUHUCTpanuen cBs3u Poccum.
OCHOBHBIM M3 ATUX JTOKYMEHTOB cuuTaercsa «CucTeMa M IUIaH HyMEpalnuHd Ha CETSIX
CBSI3U /-1 30HBI BCEMUPHOU HyMeEpauum». DTOT PYKOBOISIINN JOKYMEHT YTBEPKICH
B 1999 rony. B Ha3zBanuu purypupyroT cioBa «7-s 30Ha BCEMUPHON HyMepalum».
Jto cBa3anHo ¢ teM, yTo ITU-T Beimenun mudpy «7» B KauecTBE MEXIAYHAPOIHOIO
KoJa A cBsi3u ¢ TeneoHHor ceTbto ObBiero CCCP. B nactosiiiee BpeMs nudpa
«T» ucnonb3yercs sl Bxondmend MexayHapogHo cBazu ¢ TOIl Poccum u
pecniyonuku Kazaxcran. [Ipumepsl HomepoB, ucnoiabzyeMbix B ECO PO. npuBeneHsl

Ha puc. 1.

AB |C |la|l b Xx |Ix | x| x x

a) HarmmonaneHelit HoMep aboHeHTta B poccuiickoit TOOII.

DE |F |d|] e/ X |[|x | x| X x

6) Homep aboHeHTa [171s1 Hereorpaguyeckoro riaHa HyMepaluu.

B IIEPCIIEKTUBE 1

O(Y |wm |O|Y |Z m{n

B) Hymepammst 17151 BBIX01a K 9KCTPEHHBIM U WH(OPMAIIMOHHO-CITPABOYHBIM
ciyx0am.

Puc. 1. IIpumeps nelictByromero miaHa Hymepauuu B ECO PO.
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T¢dOII B Poccun nenuTcs Ha 30HOBBIE CETU, KKIOW M3 KOTOPBIX BBIICISACTCS
ko ABC (Ko aBTOMaTHYECKOW MEXIYTrOpOJHOW CBsi3M). B KauecTBe 3HAUYECHUN
OyKBbI A HE MOTYT HUCIOJIb30BaThCs MUDPHI «1», «2» u «O» Ha 3Hauenuss B u C
OTPAHUYEHHUS HE HAKJIAbIBAIOTCS.

Hanuonansaseiii Homep abonenTa poccuiickoit THOIT cocrout u3z aecsatu nudp
- (parment (a) Ha puc. 1. OObIYHO ero 0003HAYAIOT CIEAYIOINIUM O00pa3oM:
ABCabxxxxx. Koq ABC «mpussizan» k Tepputopun cyonrekra denepanuu. [lo stoi
MIPUYHHE €r0 WHOT/IA Ha3bIBAIOT TEOrPaPUIECKUM KOJAOM HyMepaluH. boabIHHCTBY
cyobekToB Denepanuu  BbifeneH oauH koad ABC. B HOBBIX oduIiMambHbIX
JOKYMEHTaX AJIMUHHUCTpalUMM CBsI3U Poccuu, KOTOpbIE KacaroTCsl N3MEHEHUN TIJIaHa
Hymepau B TPOII, kog ABC oTHOCUTCS K reorpapuyeckud OmnpenaeisieMoil 30He
HyMEpaluu.

Homep abxxxxx Ha3bIBaeTCsl IMOJHBIM MECTHBIM HOMepoM aboHeHTa. OH
BCErJa COCTOUT U3 CeMH LU(Dp NpU MEXAYTOPOAHONU U MEXTyHAPOAHOU cBs3u. [lpu
MECTHOM Tene(OHHONW CBA3M MOMKET TaKXKE HCIOJb30BaThCA TMATH  WJIH
HIECTU3HAYHBIN JIaH HyMepauu. B 3ToM ciyyae npu BXOIAIIENR MEXAYTOPOIHON U
MEXKJIYHAPOJAHOU CBSI3U OTCYTCTBYIOIIME B HOMepe Iudpbl a win ab q0JDKHBI
3aMEHAThCS UPpamu «2» Ui «22», COOTBETCTBEHHO.

B MecTHBIX TenedOHHBIX CETAX UCIOIB3YIOTCS JIBa BUJIa CUCTEMbI HyMEpalluu:
3aKpbITass U OTKpbITass. [Ipu 3aKkpbITON CHUCTEME HyMEpaluyd B MNPEAEiax MECTHOU
ceTu (3a MCKJIIOUYEHHEM BBIXOJAa K AKCTPEHHBIM U HHGOPMAIMOHHO-CIIPABOYHBIM
cinykbam) Bcerga Habupaercss ogHo W To ke uyuciao uudp. B I'TC Bcerma
WCMOJIB3YETCSl 3aKpbiTasg cucteMa Hymepauud. OTKpbITasg CHCTEMA HyMeEpaluu
npumensiercss B CTC. CymecTByroT J1Ba BapuMaHTa OTKPBITOM HyMepaluu - C
WHJIEKCOM BbIXO/Ja W 0€3 MHjeKca Bbixoja. MHIEKC BbIXOJa MO3BOJISAET OTIMYUTH
coenuHeHne B mnpexaenax ATC 0T coenWHEHMs, YCTaHABIMBAEMOIO C JAPYrou
CTaHIMEH.

C oTol TOYKHM 3peHMs TpaBUiia 00CITYKUBAHUS BHI30BA CXOXKU C aJITOPUTMOM,
npuHATeIM 111 YATC. B cucteme 6e€3 nHIEKCa BBIXOJa pa3IMire MEXAY BbI30BaMU

onpenensieTcs MyTeM aHaiu3a HaOupaeMbix nudp. B Tabn. 1 npuBeneHsl npuMepbl
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HyMEpALMKU MPU YCTAHOBJICHHH COEAMHEHUI pa3HbIX BUIOB. lIpenmonaraercs, 4rto
it CTC wucnonb3yercss 3akpelTas NATU3HAYHAs cUcTeMa Hymepanuu. [lnan
Hymepaunu ['TC - cemusHauHblil. B KaduecTBe mpumepa HyMepaluu Py HUCIONIb30-
Bannu YCC B 3TOW W B JABYX CIEAYIOUIMX TaOIuIax MpHUBEACHbI LUDPHI,

Habupaemble s CBSA3H C OlepaTopoM MUHUCTEPCTBA IO YPE3BBIYAHBIM CUTYalUAM

(MYC).

Tabnuma 1. Hudpel, HabupaemMble P 3aKPBHITOM MATU3HAYHON cCTEMe HyMepaIuu

B CTC.

MecTroHnaxo:xKe- Hymepanusi npu Bbi30Be a00HEHTA WJIH ONlepaTopa
Hue I'TC cBoeii CTC cBoeii rrc wmcrc | YCC
BbI3bIBAIOLIEIO |30HOBOI CeTH 30HOBOI ceTH  |apyroii 30HoBoii ceTn | (MYUC
a00HeHTAa )
PATCBITC abxxxxx 8 - 2 - abXxXXX 8 - ABCabxxxxx 01
OC B CTC 8 - 2 - abxxXXxX XXXXX 8 - ABCabxxxxx 01
YATC BI'TC 9 - abxxxxx |9 -8 -2 -abxxxxx |9 - 8 - ABCabxxxxx ~’| 9-01¢
IIpumeyanus:

a) TMpeArnojiaraeTcsi, YTO BbI3bIBAEMBIM AOOHEHT BKJIOYEH B OJHY U3
KOMMYTAalMOHHBIX cTaHui 1o ke CTC;

0) npedukc «9» MOXKeT He HaOUpaThCs, €CIIU TaKOe PEIICHUE peaau3ye-mMo B
ucnonszyemoit YATC.

Onektpomexanndyeckue ATC HEKOTOpPBIX THUIIOB, MMEIOIIHECS B CEIbCKUX
Tele(OHHBIX CETAX, MOJJICPKUBAIOT TOJBKO OTKPBITHIE CHUCTEMBbI HYMEpPAIMH - C
WHICKCOM BBIXOJa M 0e3 Hero. B Takux ciydasx HCIHOJIB3YIOTCS crHerupuyecKue
MJIaHbl HyMepanuu. [lpuMepbl OTKpBITOM CHUCTEMBI HyMepanuu 0e3 HWHJIeKca
(npedukca) BbIXoAa MpUBEIECHbI B Ta0J1.2.

Bxopsimiast cBsizb OT aOOHEHTOB APYTHX 30HOBBIX CETEH HE MMEET CHEIUpUKH
Bcernga HaOupaetrcss komOumHarmust 8 - ABCabxxxxx, [loatomy HyMmeparus s
BXOJISAIIEH CBSI3U B Ta0JI. 2 HE IPUBOIUTCS.

J{1s1 BHYTPUCTAHIITMOHHOM CBSI3W BBI3BIBAIOIIMI aOOHEHT HaOupaeT Tpu UdpHI,

a JUIsl MEKCTAHIIMOHHOM - T1ATh. AOOHEeHTHI LIC /151 MecTHOM CBsI3M Bceraa HaOuparoT
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mATh HU(QpP, TO €CTh UCHOJB3YIOT 3aKPBITYI0 CUCTEMY HyMepaluu. B kadecTBe «x»

MOJKET UCIIOIL30BaThCS T100as umbpa.

Tabnuua 2. [{udpsl, Habupaembie MPU OTKPBHITON CUCTEME Hymepaluu 0e3 MHAeKca

BBIXO/JIA.
Cranuus Hymepanusi npu BbI30Be A00HEHTA MJIM OIlepaTopa
BbI3bIBAIOIIIET 0 . C uun THX

m CBO€il CTAaHIIMHU 1 ApY YCC (MUYCO)
a0oHeHTAa cranumii CTC

d
I1C Bcex Tumos CXXXX CXXXX 01
O
YC Bcex TUIIOB dxx CXXXX 01
OC Bcex TUIIOB dxx CXXXX 01
IIpuMmeuyanus:

a) B KauecCTBE 3HAYEHUS ¢ HE JOJDKHBI MCIIONb30BAaThCS LUMPBI, C KOTO-PHIX
HAYMHAIOTCS COKpAIllEHHbIE HOMepa (TO eCThb ¢ = d );
0) 3HaueHws ¢ u d HE JOIDKHBI COBMANATH C IIPpamMu «8» 1 «0».

[TpuMepnl OTKPBLITONH CUCTEMBI HYMEPALIMKA C MHAEKCOM (mpedHKCOM) BBEIXOOa

npuBeneHbl B Tabn. 3. Ilpeduxc Bbixoma o6osHauyeH cumBonom Ily. Jls

BHYTPUCTAHIIMOHHOMN CBSI3U BBI3BIBAIONINN a0OHEHT HAOMPAET BE WIH TpH IUPHI, a

IUIS. MEKCTAaHIIMOHHOM - MSAThH (IIOCIIE UHJIEKCA BBIXOA).
AbGonentsl LIC ayist MecTHOM cCBsi3M BcerAa HaOWparoT MATh LHUPP, TO €CTh
UCIIOJIB3YIOT 3aKPBITYI0 CUCTEMY HyMepauuu. B kaduecTBe X MOXKET HCIIOJIb30BATHCS

mobas uudpa.

Tabmuua 3. Hudpsl, HaOupaemplie MPU OTKPHITONW CUCTEME HyMEpPAIMH C WHIECKCOM

BBIXO/IA.
Cranuus
Hymepauusi npu BbI30Be a00HEHTA WK ONlepaTopa-
BbI3bIBAIOLIIET O
TeJe(pOHUCTA
a0oHeHTa
HC nam apyrux craHuui
o B
cBoeii cTaHuu ctc YCC (MUC)
IIC Bcex Tumnos XXXXX XXXXX 01
VC Bcex TUIIOB XX, XXX Wian dxx I1,, - xxxxX IT, - 01
d
OC nepBoro Tuna ! XX, WA XXX I1,, - xxxxx IT, - 01
O
OC BTOpOro THIA dxx Iy, - XXXXX I, - 01
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IIpumeyanus:

a) k OC mnepBOro Tuma OTHOCSTCS CEIbCKHUE CTAHIMM BCEX THUIIOB, 3a
uckmouennem ATCK-50/200M, ATCK-100/2000, u Bce ATC ¢ mporpaMMHBIM
yIpaBJICHUEM;

06) x OC Broporo tumna otHocsitcs ATCK-50/200M, ATCK-100/2000 u Bce
ATC c nporpaMMHBIM YIIPaBJIE€HUEM;

B) B KauecTBe IMEPBOTO 3HAKa COKPAIIEHHOIO HOMEpa HE JOJDKHA UC-
MOJIB30BaTHCS 1M(pa, BeIAEIeHHAS T mHAeKca [1m.

B konme XX Beka Ha4yajloCh MHTEHCHUBHOE Pa3BUTHE COTOBBIX CETEU H
(bopMHUPOBaAHUEIIIATEKECTIOCOOHOTOCTIPOCAHAHEKOTOPHICYCITYTH,
noanepxkuBaeMble MHTemnektyansHol cetbto (IN - Intelligent Network). 3Oto
CTUMYJIMPOBAJIO BBeJACHUE Hereorpaduueckux KoJI0B, KOTOPbIe MPUHATO 0003HAYATH
natuHckumu OykBamu DEF. DTtum momuepkuBaercss ux otiuuue ot kojoB ABC,
OTpEeNIeNIIEMBIX C y4e€TOM reorpaduueckoro mojoxkeHus cyobekra denepauuu. B
OCTaJIbHOM CTPYKTYpPBI JIECSITU3HAUYHBIX HOMEPOB CXO0XH - (pparMeHThl (a) U (0) Ha
puc. 5.1. Koget DEF mnpucBauBatorcsi reorpauyecku HE OIpPEAENIIEMbIM 30HAM
HyMEpaluH.

Kaxnpiii kon DEF, Bwimenennslii OrnepaTtopy COTOBOH CETH, TO3BOJSET -
TEOPETUYECKH - MPOHYMEPOBATh BOCEMb MUJUIMOHOB MoOJib30oBaTenel. CyllecTBEHHO
TO, YTO 3Ta EeMKOCTb MOXET PaCIpeesaThCs MO BCEH TEPPUTOPUM, TPAHULIBI KOTOPOI
ONpENEIICHbl JINIEH3UEN, BbIIaHHOW Ormeparopy. B HacTosimiee BpeMs B KadyecTBE
3Ha4YeHUs cuMBoia D i1 ceTeit COTOBOM CBSI3M OOBIYHO MCIIONIB3YeTCs udpa «9».

Cemb 1udp, cnemyromux 3a kogom DEF, unTeprnipetupyrorcst kak JIOTHUECKHi
HOMEp, KOTOPBIM 0OBIYHO HUKAK HE CBA3aH ¢ MecTtoM BKItoueHHus B T¢OIIl kakoro-
mu6o tepmunaia. Bce YATC, noakmouaeMble K KOMMYTalMOHHBIM cTaHmusM [ TC
umn  CTC, [omKHBI KCHOJIB30BaTh IUIAH  HyMEpaluUW, MPUHATBIA IS
cooTBeTCTBYIOIIEH MecTHOM cethu. B mpenmenax YATC MoxeT HMCIOIb30BaThCS
cokpamieHHass Hymeparus. s Beixoga aboHeHTOoB YATC B MecCTHyHO ceTh

PEKOMEHIYETCSI UCIIOJIB30BATh MPEPUKC «I».
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Hna Boixoga aboneHToB I'TC m CTC kK 53KCTpEeHHBIM ciyk0am IoKa
UCIIOIB3YIOTCS AByX3HauHble HoMepa (01 - mpu noxape, 02 - munuius, 03 - ckopast
MEJMIIMHCKas ToMoIs, 04 - aBapuifHas ciyx0a razoBoil cetun). Ha dparmente (B)
puc. 1 st HOMepa obOo3HaueHsl cumBojamu Oy. Jloctyn k uHGOPMAIMOHHO-
CIPaBOYHBIM CIIy>k0aM OOBIUHO OpPraHU3yeTCs 3a cueT Habopa TPEeX3HAYHBIX HOMEPOB
Buna Oyz.

B eBpormelickux cTpaHax i BbIXOJA K SKCTPEHHBIM U K MHGOPMAIIMOHHO-
CIIPAaBOYHBIM CIIyK0aM NpPUHAT IUIAaH HyMepanuu Buaa JITn - mpaBas dYacTh
dparmenTa (B) Ha puc. 1. «Cmyx0e craceHus» Bo Bcel EBporie mprcBOEH €IUHbIN
HoMep - «112». B xonnie 2003 rosa ObLIO NPUHSITO PEUICHUE O CO3/IaHUH POCCUMCKOMN
«Cnyx051 criacenus». Eil Toxe npucBoeH ob1ieeBporneickuii Homep «112».

Oco0eHHOCTH HyMepallul B POCCUMCKON Tee(OHHON CETH.

B mnepBoil neknuu Obula yHOMSHYTa MpPaKTHKA HAPYHIEHUS OOIICTPUHSATHIX
HopM npu mnoctpoeHun TGOIL. Dt HOpMBI HE ONPEACNSIIOTCS HUKAKUMH
MEXAYHApOJHbIMU cTaHnapTamMu. OHHU CHOPMHUPOBAIUCH B pe3yibTaTe aHajau3a
HBOJIIOIMOHHBIX TpolieccoB, xapakTepHbix 11t ThOIL [Ipu pazpaboTke cUCTEMBI U
wiana Hymepamuu poccuiickoir TGOII Obur momymien psia omubokx. Hekotopsie
OLIMOKU paccMaTpUBAIOTCS B ATOM pasneie. B mepByro ouepenp, 11e51ecoo00pa3HO
paccMOTpETh pa3iinuKe IUIaHOB HyMepanuu B Poccun u B 1pyrux crpanax EBporibl.
Onu mnepeunciensl B Tadn. 4. CruemyeT MOAYEPKHYTh, YTO B OJIDKAMIINE TOIBI
MpeAnojaraercss MPUBECTH IUIaH Hymepauuu poccuiickoi T@POIl B mnomHoe

COOTBECTCTBUC C eBponeﬁCKHMH HOpMaMHu.

Tabnuua 4. Paznuuwns miiaHoB Hymepanuu poccuiickoi u espormneiickoit THOIL.

HabOupaemble koMOuHaunu uudp B Poccun B EBpone
[Ipedukc BbIX0/1a B MEKIYTOPOJHYIO CETh 8 0
[Ipedukc BpIX0/1a B MEXKITYHAPOJIHYIO CETh 8-10 0-0
[lepBas nudpa goctyna K SIKCTPEHHBIM CITy>)kKO0am 0 1

O‘—IeBI/II[HO, 4qToO 110 TPEM IICPCUHUCIICHHBIM IMO3UIUAM ITPUHIUIIBI HyMEpanun

pa3JIN4HBI. Ha camom ACJIC pa3inuuig Ooiee CYHICCTBCHHBI, TaK KaK aCIICKThI
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HyMEpaluu TECHO CBA3aHbl C MPHUHLMIAMU ycTaHOBieHus coeauHenuii B TQOIL.
OOuenpuHATHIN MOAX0] MPEAYCMAaTPUBAET HAKOIUJICHHE BCeX HaOWpaeMbIX HUGp B
PATC - puc. 2. Ilocne ananu3a stux mudp PATC BeiOupaeT onTUMaibHbIA MapuipyT
st ycranoBieHust coeauHeHus. PATC B poccmiickoit THOIl - mocine Habopa
npeduKca BbIXOJa B MEXIYTOPOAHYIO TeJIe(POHHYIO CETh - HE y4acTBYeT B BbIOOpE

MapmpyTa 1Jid YCTAaHOBJICHUA COCAUHCHUAA.

PATC AMTCPATC AMTC
8-ABCabxxxxx 0-ABCabxxxxx
8-DEFdexxxxx i}

0-DEFdexxxxx

MSC
MSC

Puc. 2. [1nan Hymepauuu U MapuipyTU3alus BbI30BOB.

[Tpu ycTaHOBIEHUM COEIMHEHUS Yepe3 LEHTP KOMMYTalluu MOOUIIBHOW CBS3U
(MSC - Mobile Switching Center) ¢ ucnosibs3oBanueM Homepa Buja 8 - DEFdexxxxx
MapuIpyTH3allvs BBI30BOB B POCCUUCKOW M B rumoteTHueckoit esporerickoir ThOIT
OCYUIECTBJISIETCS TO-PA3HOMY.

B oteuectBennoit THOII mocne Habopa npedukca «8» MOAKIIOYACTCS TPAKT
no AMTC. Jlanee HMMEHHO MEXIYyropoJHas CTAHUUS BBINOJIHAET (DYHKIMH
MapuipyTtuzauud. B runoretnueckoii eBponeiickoir ThOIT nomep DEFdexxxxx
ananusupyercs B PATC. Jlanee coennHeHNE MOXKET OBITh YCTAHOBIJICHO I10 TIPSMOMY
nyuky CJI mexny PATC u MSC.

C paccMmarpuBaeMbIM TPUMEPOM CBsI3aHa €Ile 0JIHa 0COOCHHOCTh POCCUUCKOM
TpOII, oOycnoBiaeHHass OTCTYIVIEGHUEM OT MEXAYHApOJIHbIX HOpM. Peub uaer o
BbIOOpE OnepaTtopa gainbHel (MEXIyTroOpoaHON U/UIH MEXIyHAPOIHOM) CBS3U.

[Tpu ananuze Bcex uudp HadpanHoro Homepa B PATC peanuzanust GyHKimit
BbIOOpa Oneparopa ynpoiaercs. OObBIYHO ¢ 3TOM 1IeNIbI0 UCHOJIB3YIOTCS KaTeropuu

OKOHEYHBIX YCTPOWCTB.
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B poccuiickoii TPOII, B crty nNpuHATBIX paHee pemieHud 00 00CTyKUBaHUU
BBI30BOB, HAUMHAIOIIUXCS C IUPPBI «8», TAKOU MOAXO0J peaJIn30BaTh OYEHb CI0XKHO.
Ha nauansHOM 3Tane BBeneHus QyHKIMN, Kacaronuxcs Beioopa OnepaTopa JanbHEH
CBSI3U, HCIIOJIB3YETCS JOMOJTHUTEIBHBIA TMpedUKC, KOTOPHIH HaOWpaeTcs IOCIe
dpbI «8».

Kak npaBuio, OTCTyIIEHHSI OT MEXIAYHAPOIHBIX HOPM BEIYT K POCTY 3aTpaT
Omnepatopa, KoTopble cBsizaHbl Cc pekoHcTpykiuedr T@OII, HeoOxomumont s

IMOoAACPKKH HOBBIX BUI0OB 06CJIY)KHB3HHH.

Nnentudpuxkanus abonentos B THOII PD

Jns upeHTUPUKAIMM OKOHEYHBIX JJIEMEHTOB TEJIC(POHHBIX CETeH CBS3HU
UCIOJIb3YIOTCSI KOMOMHAIIMY TU(DPOBBIX 0003HAUCHUIA:

- xox ctpanbl (Kc) — ot 1 1o 3 necstuunbix 3HakoB (Poccuiickas denepainusi,
Kc=7);

- ko1 30HBI Hymepanuu (ABC — nns reorpaduuecku ornpenenseMon 30HBI
mymeparuu, DEF — s reorpadudeckn He onpeenseMoil 30HbI HyMepanun) — 3
JIECITUYHBIX 3HaKa 1y PD;

- 30HOBBIN TeJICPOHHBIN HOMED (X1 X2 X3 X4 X5 Xg X7) — 7 IECATUYHBIX 3HAKOB.

MectHblii TeneOHHBI HOMEP MOXKET BKJIFOYATh OT 3 710 7 JECATUYHBIX 3HAKOB
¥ COBMAJATh [0 3HAYHOCTH C 30HOBBIM TEJIE(POHHBIM HOMEPOM WJIH OBITH OOJiee
KOPOTKHUM.

[TocnenoBaTenbHOEe 0003HAYEHHWE KOJAa CTPaHbI, KOJIa 30HBI HyMEpaluu |
30HOBOTO TEIEPOHHOTO HOMEpa 00pa3yeT MEXAYHAPOIHBIN Tene)OHHbII HOMEp
(NMH). MakcuMalibHOE YKCIIO ACCATUYHBIX 3HAKOB B MEXKIYHAPOJHOM HOMEPE PABHO
15 6e3 yuéra MmexayHapoaHoro npedukca [Ima.

[TocnenoBaTenpHOe 00O3HAUEHHE KOJAa 30HBI HyMepalluu, 30HOBOTO HOMEpa
oOpasyeT HalMOHaJbHBIN (3Hadamuii) TenedonHbi HoMep NHar. MakcumanabHOe
YUCJIO IECSITUYHBIX 3HAKOB B HAIIMOHAJIBLHOM (3HauaieMm) Homepe PD pasno 10.

MexayHapoaHblid Tene(OHHBI HOMEpP OJIHO3HAYHO OMNPEAENIIeT OKOHEUYHBIN

QJICMCHT CCTHU CBA3HU B IIPCACIIaX MHUPOBBIX ceTel CBSI3U.
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HanuonanbHblii TeaeOHHBIH HOMEpP OJHO3HAYHO OMNpPEAeNsieT OKOHEUYHBIN
AJIEMEHT CETH MECTHOM Tele(OHHON CBS3M WM CETH TOJBIKHOW CBS3U B Mpeeax
Tepputopun PO.

30HOBBIN TeneOHHBII HOMEP OJHO3HAYHO OMPENEISeT OKOHEUHBIM 3JEMEHT
CeTH MECTHOM TeJIepOHHOM CBS3M B Ipejienax TeppUTOpuu cyobekra PD.

MecTHbIi Tene@OHHBI HOMEP OJIHO3HAYHO OMPEICISIET OKOHEUHBIN 3JEeMEHT
CEeTH MECTHOW TeneOHHOM CBSI3U B Mpelesiax MYyHULIHMNAIBHOTO 00pa30BaHUS
cyonrekra PO u ropona ¢gpenepanbHOTO 3HAYCHUS.

JInst  yCTaHOBIIEHHS  MEXAYHApOJHOTO  TeNe()OHHOTO  COEAMHEHUS
UCIIOJIb3yeTCsl MeXTyHapoaubIi npeduxc [Tmu = 00.

JInst  yCTaHOBIIEHHS MEXIYTOPOJHOIO M BHYTPHU30HOBOIO TeJIe(OHHOTO
COEIMHEHUSI UCTIONIB3YETCsl HallMOHAIbHBIN Tipedukc [Tn = 0.

B cersax ¢ukcupoBanHoii TenedoHHoM cBsizu B PO ncnons3yrores 1Ba miiaHa
HyMEpalHH — OTKPBITBIA U 3aKPBITHIN.

[Ipu 3akpbiTOM IUIaHE HyMepaluu Tele(OHHOE COEIUHEHHE JII0OOro BUIA
(MecTHOe,  BHYTPU30HOBOE,  MEXIYTOPOJHOE)  yCTaHABIMBAeTCI  HAOOpPOM
HalMOHAJIbHOrO0 HOMepa. B P® mnpu ycTaHOBICHUM BHYTPU30HOBOTO COEAUHECHUS
VCIIOJIB3YETCS 3aKPBITHIM UIAH HyYMEpAaUuU, IPU KOTOPOM KOJUYECTBO JIECATUYHBIX
3HAKOB B HaIlUOHAJILHOM HOMepe paBHO 10.

[Ipu OTKpHITOM TMJIaHE HYMEpallud MECTHOe Tele(OHHOe COequHEHUE
yCTaHABJIMBAETCS HAOOPOM MECTHOTO HOMEpa, a BHYTPHU30HOBOE U MEKIYyTOPOTHOE
Tene(OHHbIE COEAMHEHUS] — HA0OPOM HAIlMOHAIBHOTO HOMepa ¢ npedukcom [1H.

[Ipu ycranoBieHuu TeneOHHOTO COCAMHEHHUS B CETU TOJBUKHON CBS3U
UCIIOJIb3YETCS 3aKPBITHIN TIJ1aH HymMepanuu ¢ npedukcom [1H.

30HOBBIM TeNeOHHBIN HOMEp, OJIHO3HAYHO OMNPEASSIONINI OKOHEUHBIN
AJIEMEHT MECTHOM CE€TH, B KOTOPOM HUCIHONB3YITCS 6-H, 5-u, 4-X U 3-X 3HA4YHbIC

MECTHbIC HOMEpa, JOMOJHSIOTCS 10 7-U 3HAYHOTO HOMEpa NyTEM J100aBIICHHS

3HAKOB, PAaBHBIX 3HAYEHHUIO X1, X1X2, X1X2X3, X1X2X3X4 30HOBOrO HOMEpa

cooTBeTCTBEHHO. [Ipu 3TOM X1 HE JoyKeH ObITh paBeH 0 unu 1.
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[IpuMep CTPYKTYypHOM CXEMBI ABYX 30H CEMU3HAYHOW HyMeEpaluu, B KOTOPBIX
pacnosioxkeHo 1o aBe mecTHbIX cetd (CTC u I'TC), nokazan Ha puc. 1.1. Tam xe
yKa3aHbl TUIIBI U €MKOCTU MecCTHbIX ceTell u ctanuui. s I'TC ¢ mectusHayHoi
HyMEpAaLMel B KaXJOM y3J0BOM paiOHE CIEQyeT MOKa3aTh HE OOJbIIE JBYX-TPEX
ctaHuuii. Ha pucyHke mnpuBeneHbl NpUMEphl 00pa3oBaHMs HalMOHANBHBIX (10-u
3HAYHBIX ) TeJIe(HOHHBIX HOMEPOB.

O603Ha4YeHUs1, KOTOPBIE UCTIOIH30BaHbI B

yeprexe: ['TC - ropoackas renedoHHas ceTh;

CTC - cenbckas TenedoHHas CETh;

TMrVYC - TpaH3UTHBIN MEXIYTOPOIHBIN y3€Il

cBsa3n; YAK — y3enm aBTOMaTu4ecKkor KOMMYTAIUK;

T3YC — TpaH3UTHBINM 30HOBBIN y3€1 CBA3H;

AMTC - aBTOMaTHuecKas MEXIYropoiHas TejeQoHHasi CTaHIIMS;

VYBC - y3en Bxoasueit ceszu ['TC;

HC, YC, OC - uentpasibHas, y3ioBas 1 okoHeuHas ctaniuu CTC;

OIITC — onopHo-TpaH3uTHas TeaedOHHAsS CTAHITHU.

ATC - aBromaruueckue Tenedonnsie cranmuu ['TC. Tlokazansl
TpeyrojabHukaMu ¢ nudpamu BHyTpu. [Ipu s3TOM oxHoM nudpoit o6o3nauensr ATC B
paionupoBanHbix ['TC 6e3 y3noo0pa3zoBanus, a AByMms nuppamu — ATC B y3710BBIX
paiionax. B nepBom ciayudae B ['TC ucnonb3yercss 5-u 3HauHasg Hymepanus, a BO-

BTOPOM — 6-1 3HaYHas.
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/ MexayropogHaa  ceTb
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\

(312)425-55-55

Puc. 1.1. IIpumep CTpyKTypHOU CXEMBI ABYX 30H CEMU3HAYHON HyMeEpaI1u.

KonTpoabHoe 3axanue

1. IlpuBectd CTPYKTYypy CETHM B JBYX 30HAX CEMH3HAYHOW HyMEpaluu, B
KaXJIOW M3 KOTOPBIX paCIOaraeTcs MO JBE MECTHBIX CETH. EMKOCTM W THIIbI
MECTHBIX ceTelt nmpuBeeHbl B Ta0. 1.1. Homep BapuanTa 115 3061 1 onpenensercs

o mpexnocienteit mudpe mudpa, a st 30HbI 2 — M0 TOCTETHEH.
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2 . KonnuecTBO U €MKOCTh CTaHHI/Iﬁ MECTHBIX CETEH BI>I6I/IpaIOTC}I Tak, YTOOBI
IIOKAa3aTb CTPYKTYPY CCTU U HYMCPAIIUIO aOOHEHTOB. HpI/I OTOM ITOKa3bIBACTCA TaKOC
KOJINYCCTBO CTaHHHﬁ,

KOTOpPOC HOaJIo OBI IMpCaACTAaBJICHUC 00 O0COOCHHOCTAX

MIOCTPOESHHUSI CETH.

3. Jate Hymepanuio aOOHEHTaM MECTHBIX CETEU, IPUHSB 3aKPBITYIO CUCTEMY
HyMepaiuu. BeiOpaTh Kol MECTHBIX CE€TEH M KOJbI 30H CEMU3HAYHON HyMEpaluH.

4 . B cooTBeTCTBMHM ¢ BbIOpaHHOM B 1.2 HyMepalieil HalucaTh
MOCIIEI0BATEIBHOCTD IU(P, KOTOpPbIe HAOUpaeT A0OHEHT MPH

OCYULIECTBJIEHUU: a) MECTHOMU CBSI3U, 0) BHYTPU30HOBOM CBSI3H,

B) MEXIYTOpOJHOM CBA3U.

Tabmania 1. EMKOCTH M TUIIBI MECTHBIX CETEN

Ne THIBI 1 €eMKOCTH MECTHBIX ceTel B | TUIIBI 1 eMKOCTH MECTHEIX CETEH B
Bap | 30HE CEMHU3HAYHOW Hymepauuu | 30HE CEMU3HAYHOU HyMepaIuu 2
1 CTC 8 teIC. I'TC 20 THBIC. I'TC 120 teICc. I'TC 45 TBIC
2 I'TC 100 teIc. CTC 9 THIC. CTC 7 1e1C. I'TC 25 THIC.

3 I'TC 30 teI1C. I'TC 45 TEHIC. CTC 11 te1C. I'TC 85 THIC.
4 CTC 14 tp1C. I'TC 35 THIC. I'TC 8 trIc; CTC 16,5 THIC.
5 CTC 17,5 te1C. I'TC 110 THIC. I'TC 50 161¢.CTC 10,5 THIC.
6 CTC 12,5 teIC. I'TC 100 THIC. I'TC 25 te1Cc. CTC 17,5 THIC.
7 CTC 8.5 teic. CTC 10 TBIC I'TC 95 teI1C. I'TC 35 THIC.
8 CTC 7 1e1C. I'TC 80 THIC CTC 20 te1c. I'TC 45 TBIC

9 I'TC 25 te1Cc. CTC 17 TBIC I'TC 90 tBICc. CTC 9,5THIC.
10 I'TC 75 twI1c. I'TC 30 THIC. CTC 10 teIC. CTC 16,5 THIC.
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KoHTpoapHBIE BONIPOCHL:

1. Kakum noxymenTom ornpeaensercs aymepanus B TOOIL.

2. Moxer nmu Ha ['TC nepBas nudpa Homepa HaunHaThCs ¢ nudp 0 mmm 1?

3. Uto moHuMaeTcs moj KoJioM Hymepauuu ab?

4. TloscHuTe, YTO MOHUMAETCS MO/ KOJIOM CTPAHbI, YEM OH YCTAHABIMBAETCS U
oH s Poccuiickoit @enepanun?

5. YUro nonnmaerca noa kogom ABC?

6. [losicHuTe cocTaBHBIE YACTH JIFOOOTO TeNe(OHHOTO HOMEpa yKa3aHHOTO Ha
CXEM€ B BBIIIOJTHEHHOHN padoTe.

7. Ilosgcaure chopMUpPOBaHHYIO BaMU CTPYKTYPY CETH?

8. [lokaxuTte npuMep paguaibHOIO U pagualibHO-Y3JI0BOTO MOAKIIOUEHUS

a0OHEHTOB.

Jlureparypa.
1. TpeGoBanus K MOPSAAKY NpoIycka Tpapuka B Teae(OHHOM ceTH 00IIero

nosib3oBanus (I1pukaz Munucrepctsa UT u Csizu PO ot 08.08.20051. Ne 98)

IIpakTuyeckoe 3ansaTue Ne2. [3yuenue wuHTepdelica U  OCHOBHBIX
BO3MOXHOCTEH nmporpammuoro npoaykra Cisco Packet Tracer.

Ienv 3anamusa: W3yuuth wuHTEpPEdC W  OCHOBHBIE BO3MOXKHOCTHU
Moaenupyromieit cpeasl Cisco Packet Tracer.

3aoanue. VI3ydunTh TOJIOKCHHE JJICMEHTOB Ha riaBHOM wuHTepdeiice Cisco
Packet Tracer. PaccMoTpeTs BO3MOXHBIE BUABI KOMMYTAallMOHHOTO O0OpPYAOBAaHUS U
JUHUN CBSI3M, Ha 0a3e KOTOPBIX MOKET OBITh MOCTpOEHa ceTh. duznyeckas
KOMILICKTaIUsi 000PY/I0BaHMUSI.

Cisco Packet Tracer - ato smynsarop cetH, co3iaHHblii kommaHued Cisco.
JlaHHOE TIPUIIOXKEHHE TI03BOJISIET CTPOUTH CETH Ha Pa3HOOOpa3HOM 000PYI0BAHHH B

ITPONU3BOJIBHBIX TOITOJOTHUAX C HOJI)IGp)KKOfI Pa3HBIX IIPOTOKOJIOB.
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[Tporpammuoe pemenue Cisco Packet Tracer mo3BosisieT UMHUTUPOBATh PadOTyY
pa3IMyYHBIX CETEBBIX YCTPOMCTB: MAapUIPyTH3aTOPOB, KOMMYTAaTOPOB, TOYEK
0ecIpoBOJHOTO JIOCTYIA, NEPCOHAIBHBIX KOMIIBIOTEPOB, CETEBBIX NPUHTEPOB, [P-
TeneoHOB U T.n. PaboTa ¢ HHTEPAaKTUBHBIM CHUMYJISTOPOM JaeT OUIyLICHHE
HAaCTPOMKH PEATBHOU CETH, COCTOSILEH U3 IECATKOB WIH J1aK€ COTEH YCTPOUCTB.

Hactpoliku, B CBOIO 04epesib, 3aBUCAT OT XapaKTepa YCTPOUCTB: OJHU MOKHO
HAaCTPOUTH C MOMOIIBI0 KOMaHJ omepamuoHHoi cuctembr Cisco 10S, apyrme — 3a
cuer rpaduueckoro BeO-uHTepdelica, TpeTbU — Yepe3 KOMAHAHYIO CTPOKY
ONEPaMOHHON CHCTEMBI WM IpaUueCKUe MEHIO.

bnarogaps Takomy cBolictBy Cisco Packet Tracer, kak pexum Bu3yaiu3aluu,
[OJIb30BaTEIb MOXXET OTCJIEIUTh IEpEMEIICHUE JaHHBIX IO CETH, IOSBICHHUE U
U3MEHEHue napaMeTpoB [P-makeToB NpH NPOXOKICHUHM JAHHBIX YEpE3 CETEBBIC
YCTpPOMCTBA, CKOPOCTh M IyTH TmepemenieHus [P-makeTtoB. AHanmu3 cOOBITHH,
OPOUCXOSIINX B CETH, IMO3BOJISIET TOHATH MEXaHM3M €€ paboThl U OOHApPYKUTh
HeucnpaBHocTH. Cisco Packet Tracer mMokeT OBITh HCIIONB30BaH HE TOJIBKO Kak
CUMYJIATOP, HO M KaK CETEBOE MPUJIOKEHHE JUIsl CUMYJIUPOBAHMS BUPTYaIbHOU cEeTU
yepes3 peasibHyI0 CeTh, B TOM uncie MHutepHeT. [lonb30BaTenu pa3HbIX KOMIIBIOTEPOB,
HE3aBUCHMO OT HX MECTOIOJIOKEHUs, MOTyT padoTaTb HaJ OJHON CceTeBOU
TOTIOJIOTUEN, TPOM3BOJS €€ HACTPOMKY WJIM YCTpaHss mpoOieMbl. JTa (QyHKUUA
MHoOromnojb30BaTenbekoro pexuma Cisco Packet Tracer mMoxeT mpuMmeHsieTcst AJis
OpraHu3ali KOMaHJHOU paOoThI.

B Cisco Packet Tracer mosb30BaTesls MOXET CUMYJIMPOBATH MOCTPOCHHUE HE
TOJIBKO JIOTUYECKOM, HO M (PU3UUECKOM MOJENIH CETH M, CIEAOBATENIbHO, MOJy4YaTh
HaBBIKM TNPOEKTHpOBaHUA. CXeMy CETH MOXHO HAJOXKUTh Ha YEepTeXK peajgbHO
CYILIECTBYIOILETO 3aHUSI WM Ja)Ke TOPOoJia U CIIPOEKTUPOBATh BCIO €r0 KaOEIbHYIO
MPOBOJIKY, Pa3MECTHTh YCTPONCTBA B TeX WJIM HMHBIX 3AaHUAX U TIOMEUICHHSIX C
y4eToM (PU3MYECKHX OrpaHWYCHHM, TakuX KaK JUIMHA U THUIl MPOKJIAJbIBAEMOTO

Ka0est WM paguyc 30HBI TOKPBITHS OECITPOBOTHOM CETH.
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Cumynsiuusi, BU3yaau3alys, MHOTOIOJb30BaTeIbCKUN PEKUM U BO3MOKHOCTh
npoektupoBanms nenaroT Cisco Packet Tracer yHWKambHBIM HHCTPYMEHTOM JIS

00y4YEeHHUSsI CETEBBIM TEXHOJIOTHSIM.
I'naBuoe oxkuo Cisco Packet Tracer

Ha puc. 1. npencraBnen untepdeiic nporpaMmbl, pa3aeieHHbIN Ha 00IaCTH.

“¥ Gisco Packet Tracer o [m] 7]
File Edit Options View Tools Extensions Help

e EAND R YL S

[Root]

New Cluster Move Object Set Tiled Background

|»
. I

Rl |

Timee:OO:le I Power Cycle Devices V?‘orward Time o .,
— ‘ P — # — B l_uﬁ Fire |Last Status ISource IDestinatior
P‘% e - m ';; ‘:u" =] ‘ = ,‘::u' =] l) Scenario 0 X

|

| Switches | |2e50-28 Lassor) 2060 | igeneric] (Generic New | Delete |

ol s = U
Device to Drag and Drop to

Pucynox 1 - Uarepdetic mporpammer Cisco Packet Tracer

» T
Toggle PDU List Window |
e M bl

1.  I'maBHOE MEHIO MPOrPaMMBbI CO CJIEAYIOIIUM COJIEPKUMBIM:
— ®aiin - coepKUT ornepali OTKPBITUSA/COXPaHEHHS! IOKyMEHTOB;
- IlpaBka-ctangapTHeICONIEpallMU "KOTUPOBATH/BHIPE3aTh,
OTMEHUTH/TIOBTOPUTH";
— Hactpotiku - roBopuT caMo 3a ceos;

- Bupg - macmrab paGoueit 001acTy 1 NaHeNId UHCTPYMEHTOB;

— HMHCcTpyMeHTHI - IBETOBAs NAJUTPa U KACTOMMU3ALMsl KOHEYHBIX YCTPOMUCTB;
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- Pacmmupenuss - mactep NpPOEKTOB, MHOTOIOJB30BATENbCKUI PEXUM U
HEeCcKoJbKo mpubya, kotopsie u3 CPT (tak s uHOorna Oyay JackoBo HasbiBaTh Cisco
Packet Tracer) MoryT cienath 1enyro J1abopaTopHIo;

- HOMOHIB - HH 3d YTO HC yragacTc, 4YTO TaM COACPKUTCA,

2. [laHens MHCTPYMEHTOB, YacTh KOTOPBIX MPOCTO AYOJIHUPYET MYyHKTHI
MEHIO;

3. [TepexnrouaeTiip MKy JIOTHYECKOM U (PU3MUECKON OpraHU3alluei;

4, Emé onna nanenbp HHCTPYMEHTOB, COAEPKUT MHCTPYMEHTHI BbIJICIICHUS,

YAaJICHU:A, IICPCMCIIICHNA, MaCIHTa6HpOBaHI/I$I O6’B€KTOB, a TaK XXC (bOpMHpOBaHI/Ie

IIPOU3BOJIBHBIX ITAKCTOB;

S. [Tepexitouarens Mexay peaibHbM pesxkumoM (Real-Time) u pesxxumom
CUMYJISIINH;

6. [Tanens ¢ rpynnamMu KOHEYHBIX YCTPOMCTB U IMHUMN CBA3H;

7. Camu KOHEUHBbIE YCTPOMCTBA, 37IECh COJIEPHKATCS BCEBO3ZMOKHBIE

KOMMYTAaTOPHI, Y3JIbI, TOYKH JOCTYIA, POBOIHHUKH.
8. [Tanens co3gaHus MOJIL30BATEIIBCKUX CIICHAPUEB;
Q. Pabouee npocTpaHCcTBO.

[Tpumep pa3menieHus IBETOBBIX o0acTet (puc.1.2), Mo3BOJSIONMINIA HapUMeEp

OTJIENATh BU3YaJIbHO OJIHY MOJCETH OT IPYIOM.



OrMyecKoe NpoCTpaHCcIBO [naeHbii] 1

!

ETE—
/7| @3 @

CBBB&IMBKM“M_I Boibpate

2

4

Pucynok 2 - [Ipumep pa3menieHus: IBETOBBIX 00J1aCTEN.

JI71s1 yCTaHOBKH IIBETHBIX 00JIACTEN BBIMOJHUTE CICIYIONINUE IEUCTBUS:

1 - Ha maHenu UHCTPYMEHTOB BBIOMpPAEM COOTBETCTBYIOIIMI 3HAUOK;

2 - BeiOupaem pexxum obnactu "3anuBka', HarpuMep;

3 - BeiOupaem uBet u ¢popmy;

4 - Pucyem obsacth Ha pabodyeM MPOCTPAHCTRE.

Mo>kHO Takke J00aBHUTh IMOIUCH U TIEPEMEIIaTh/MaCIITAOUPOBATE ATY
00J1acTh.

Oo6opynoBanne u sunuu cBsa3u B Cisco Packet

Tracer MapmipyTtuzatopsl
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MapuipyTuzatopbl HCMOJIB3YETCS Il TOMCKAa ONTUMAJILHOIO MaplipyTa
nepeayu JaHHBIX Ha OCHOBAHUU CICIUAIBHBIX aJITOPUTMOB MapUIPYTHU3ALUH,

HampuMep BHIOOp MapiIpyTa (MyTH) ¢ HAUMEHBIIUM YUCIIOM TPAaH3UTHBIX Y3JIOB.

MapwpyTtusatop0

PaGoTarot Ha cereBoM ypoBHE Momenu OSI.

KommyTtaTopsl

"’"W "—-v\ | | v v (B

KommyTaTopi 2950-24 \29501) | 2960 | Generic Generic] | 3353

KomMmyTarops! - 310 ycTpoicTBa, paboTarolye Ha KaHaJIbHOM YPOBHE MOJENH
OSI u npenHazHaueHHbIE A1 00bEMHEHHUS] HECKOJBKUX Y3JIOB B MpeesiaX OJHOTro
WM HECKOJIBKMX CETrMEHTax ceTH. Ilepemaér makeTsl KOMMyTaTOp Ha OCHOBaHUHU
BHYTpPEHHEH TaOJUIIBI - TAOIUIBI KOMMYTAIINH, CIIEIOBATEIHLHO TpaduK UAET TOIBKO
Ha ToT MAC-agpec, KOTOPOMY OH IpEIHA3HAYAETCs, @ HE IOBTOPSIETCS Ha BCEX

nopTax (Kak Ha KOHIICHTPATOPE).

2960-24TT
KommyTaTep0

Konuenrparopsi

F)% HEM " -’ Conxel

| KoHLeHTpaTopbl | | Se—ic e/
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KonnienTpaTtop NMOBTOpSET NAKET, NPUHATBIM HAa OJHOM IIOPTYy Ha BCeEX
OCTaJIbHBIX MTOPTaX.

BecnpoBoanbie ycTpoiicTBa

BeCI'IPOBOQHbIe Generic/ Generic! Generic Linksys

becripoBoansie Texnonorun Wi-Fi u cetn Ha ux ocHoBe. Bxirodaet B cebs

TOYKH JIOCTyTIA.

JInnuu cBA3N

ceRmE]APOPEEEEE

COGAMHQHMH

C momomipl0 3TUX KOMIIOHEHTOB CO3/alOTCS COCIWHEHHS Y3JI0B B CAMHYIO
CXEMY.

Packet Tracer moaaep)KHUBaeT MIMPOKHIA JMANIA30H CETEBBIX COCTUHCHHMN (CM.
tadmn. 1.1).

Kaxxprit Tim kabennst MOKeT ObITh COSTMHEH JIUIIb C OMPEACICHHBIMU TUIIAMHU

UHTEpENCOB.

Tabmuua 1 - Tuner kabenen.

Twun kadens Omnucanue

Koncomn KoHconbHOE coequHeHNE MOKET OBITH BBITIOJIHEHO
mexay [IK u mapmpyTtuzaropamu Wi KOMMYTAaTOPAMMU.
JIOJDKHBI OBITH BBITIOJTHEHBI HEKOTOpHIE TPEOOBaHUS IS
paboThl KOoHCOIBHOTO ceaHca ¢ [IK: ckopocTh coeuHeHus
¢ 00enx CTOPOH JI0JKHA OBITh OJIMHAKOBAS, IOJKHO OBIThH

7 OUT JaHHBIX (WM 8 OUT) JJ1s1 00EUX CTOPOH, KOHTPOJIh
YETHOCTH JOJDKEH ObITh OJIMHAKOBBIN, TOJDKHO OBITH 1 Win

2 CTOMOBBIX OMTa (HO OHHM HE 00s3aTEIBLHO JOJKHBI OBITH
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OJIMHAKOBBIMM), a IOTOK JTAHHBIX MOXET OBITh  4YeM|

YIOOHO OJIA o0enx CTOPOH.

MenHbii

IPAMOU

/

OTOT TUN Kabesns SIBISIETCS CTaHAApTHOM cpenoit
nepenaun Ethernet anst coemuHeHNs yCTPOHCTB, KOTOPBIi
dbyHKuHOHUpPYeT Ha pa3Hbix ypoBHsAX OSI. OH pomxeH

OBITH COEIMHEH CO CICAYIOIMMHU THUIIAMH MTOPTOB: MEIHBIH
10 Mourt/c (Ethernet), meausiii 100 Mowut/c (Fast Ethernet)
u meansiid 1000 Mowut/c (Gigabit Ethernet).

MenHbiii

KpOCCOBCP

’
’

OTOT TUN Kabels SBISIETCA CpEelou mepenayu
EthernetanscoeaMHEHUSTy CTPONUCTB,KOTOpBIE
(GYHKUUOHUPYIOT Ha OJMHAKOBBIX YpoBHsX OSI. OH

MOKET ObITh COEITMHEH CO CIECAYIOIMIMMHU TUIIAMU MOPTOB:
meanbiii 10 Mout/c (Ethernet), mennbiit 100 Mout/c (Fast
Ethernet) u megusiii 1000 Mout/c (Gigabit Ethernet)

OnTuka

OnTOBOJOKOHHASCPEAANUCTIONB3YETCA OE
COeMHEHUs MeXay onTuueckumu rnopramu (100 Mout/c

wiau 1000 Mowut/c).

TenedhonnbIit

Coenunenue 4depe3 TelneOHHYIO JTUHUIO MOXKET

OBITh OCYIIECTBJICHO TOJBKO MEXIYy YCTPOWCTBAMHU,
UMEIOIIUMHU MOJICMHbBIE MOPTHI. CrangapTHOE
IPeICTaBIEHNE MOAEMHOI0 COEIMHEHUS - 3TO KOHEYHOE
ycrpoiictBo (Hanpumep, IIK), no3BanuBaromieecss B

ceTeBoe 00JIaKo.

KoakcuipHBIN

6

Koakcuanbhas cpena ucnosib3yercs Ajisi COeIUHEHUS
MEXy KOAaKCHAIbHBIMU MTOPTAMH, TAKHE KaK KaOeIbHbII

MOJIEM, cOeTMHEHHEBIN ¢ o01akoM Packet Tracer.

Cepuiinblii

DCE

CoenvHeHus 4Yepe3 MOCIEI0BATENbHBIE IOPTHI,
4yacTo ucnosb3yrorces A cBsizeit WAN. Jlist HacTpoiiku

TaKUX COeIUHEHUH HEOOXOIMMO YCTaHOBUTH
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Cepuiinblii CUHXPOHU3ALINIO Ha  cropone DCE-ycrpoiicTga.
DTE Cunxponmzanusi DTE Beimonusiercs o Beidopy. CTopoHy
' § ) DCE MOHO ONpeAennuThb o MajJeHbKONH NKOHKE “‘4acoB”

psaoM ¢ moptoM. [Ipu Beibope Tumna coequHenus Serial
DCE, nepBoe ycTpoHCTBO, K KOTOPOMY HPHUMEHSAETCS
coeaunenue, cranoBuThess DCE-ycTpoiicTBOM, a BTOpoE -
aBTomMarthuecku cra”Her cropoHoud DTE. Bo3MoxHO u
oOpaTHOE pacHoOJIOKEHUE CTOPOH, €CIM BbIOpaH THUII

coeqnuenus Serial DTE.

Koneunble ycTpoiictBa
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Smart | | Generic| | Generc |

WImlesJ;
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KoHeuHble yCcTp-Ba | Senere (Generic)

.4. B =
1841 WIC-2T

3n1ech mpecTaBICHB KOHEUHBIE Y3JIbI, XOCTHI, CEpBEpa, MPUHTEPHI, TEIe(HOHBI

U T.AO.

Imyasiuusa Uarepuera

&S & I m 2 6 6 v o
st ~| lL.DbsSL Cable
I |Generic| |Generic/ Modem ' Modem

3mynaums WAN

[Tpumep smymsius riaobanbHoi cetu. Mogem DSL, "o6mako" u T.1.

IHoab30BaTe/IbCKHE YCTPOHCTBA M 00J1aKO0 JJISI MHOTOII0JIb30BATEIbCKOM
padoThI

5 : - ~T ~re| (S P‘. e -

lad-m, l‘o‘ l-’-‘;;.#; g‘ ; -m’

-—l.lJ

1841 | 12621xM | 2811 | (Generic/ honbzoBaTenbckoe coen

MonbzoBaTenbcKue




56

yCTpOI/ICTBa MO>KHO KOMIIIEKTOBATh CaMOCTOSTEIbHO. MOXKHO cOo31aBaTb

ITPOU3BOJIBHBIC ITOAKIIFOUYCHU .

dusznyeckas KOMILIEKTALMS 000py10BaHUSA
VYcranosute B paboueM noisie poyrep Cisco 1841 B nactpoiikax Ha poyrtepe

OTKpPBIBAEM €ro (PM3MUYeCKY0 KOHpurypauuw (puc.1.3)
JR1=TE
®dusnyecKoe NpoCTpPaHCTBO I KoHgurypaums | CLI|
MOAY NN = OU3NYyeCcKun BUA yCcTponcrea
e YBenuuntb I OpUrMHanbHbIA pa3mep| ¥YMeHbWNTb
HWIC-AP-AG-B =
e [ EEEEEC ced NN R u
WICIENFT — - W L
WIC-1T
WIC-2AM
WIC-2T
WIC-Cover
< | >
HacTpoutb -~ e HacTpouTtb ~}f_\
nzobpaxeHue ans . L ‘ nsobpaxeHue ans .
~|  @uandyeckoro Bnaa normyeckoro Bnaa
HWIC-4ESW npegocTaenseT 4 KOMMYTaLMOHHbIX MOpTa. * “-"-
"(D’ e we(iDm  me -

Pucynok -. ®usnueckas KOHQUTypalns yCTPOUCTBa

CneBa, Kak Mbl BHJAMM, CHHCOK Moayieil (mudpa 2), KOTOPbIMA MOXKHO

YKOMITJIEKTOBaTh JaHHBIN poytep. Ceiiuac B Hem 2 myctoThl (nudpa 3). B Hux

MOJXHO BJOXXHTBL OTHU MOAYJIH. PaBYMeeTCH, OTy OIICpalriO HY>KHO ITPOU3BOAUTDH IIPHU

BBIKJIFOYECHHOM ITUTaHKuH (mudpa 1).



57

Moaynmu WIC (HWIC, VWIC) 310 mnaTel pacuiupeHus, yBEIUYUBAIOIIUE
(GbyHKIIMOHAN YCTPOUCTBA:

WIC - WAN interface card. the first original models.

HWIC- high-speed wan interface card- the evolution of wic that is now in
use on the ISR routers.

VIC - voice interface card, support voice only.

VIC2 - evolution of the above

VWIC - voice and wan interface card. An E1/T1 card that can be user for
voice or data.

VWIC?2 - evolution of the above

Hanpumep 1151 koMIibroTepa €cTh IuiaThl, moakiatodaembie kK PCl-mmne (TV-
TIOHEpBI, 3BYKOBbIe KapTbl, USB-pa3BerBuTENN, CETEBBIE KapThl), TaK U 37ECh.
Boo6ie, yerpoiictBo Cisco - 3TO TOT K€ CHCTEMHBIN OJIOK CO CBOEH OIepalimoOHKON

W MHOT'MMH CCTCBBIMH KapTaMH, KOTOpBIﬁ MOXKET ACJTIaTh YTO-TO TOJIBKO C CCTBIO.

Hwxe npencrasinena nHGoOpManyst 0 KaxaoM MOIYJIE:

- HWIC - 4ESW - BBICOKONPOU3BOAMTENbHBI MOIYIb C  4-Ms
KOMMYyTarimoHHbIMU TIopTamMu Ethernet mox passem RJ-45. Ilo3BonsieT coderaTh B
MapuIpyTHU3aTOpe BO3MOKHOCTA KOMMYTAaTOpA.

— HWIC-AP-AG-B-3toBpicokockopocTHas W AN-kapra,
oOecrieunBaroniasi GyHKIIMOHAT BCTPOCHHONW TOYKH JOCTYyMa JIJIsi pOyTEPOB JHUHEHKU
Cisco 1800 (moaynwsHbIxX), Cisco 2800 u Cisco 3800. /laHHbIN MOTYJIb OAJIEPKUBAECT
pannokanaibl Single Band 802.11b/g wim Dual Band 802.11a/b/g.

— WIC-1AM Bkmrovaer B cebs aBa pasbema RJ-11 (tenmedonnka),
UCTIONB3YEMbIX [IJII TOJKIIOYEHUs K Oa3zoBoil TenedoHHOM ciyxOe. Kaprta
MCIIOJIB3YET OJIMH TOPT ISl COSTMHEHUS ¢ TeNe(OHHOM JIMHUEH, TPYTOl MOXKET OBITh
MOJKIIIOYEH K aHAJIOTOBOMY TeedOHY JIsl 3BOHKOB BO BpEMsI POCTOS MOJIEMaA.

— WIC-1ENET - sto ognonoproBas 10 Mo6/c Ethernet kapra nns 10BASE-T
Ethernet LAN.
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—  WIC-1T npenocTaBisieT 04HOTIOPTOBOE MOCIEA0BATEILHOE TOAKIIOUEHUE
K YAQICHHBIM O(HCaM WJIH yCTAPEBIIUM CEPUHHBIM CETEBBIM yCTPONCTBAM,

Hanpumep SDLC koHIeHTpaTOpaM, CUCTEMaM CUTHAIIM3AIMU U yCTporcTBaM packet

over SONET (POS).

— WIC-2AM  cogepxur xaBa pazpema RJ-11, wucnomp3yembix Aiis
MOJIKJIIoUeHus K 6a3oBoi TenedonHoi ciayxode. B WIC-2AM nBa MoageMHBIX MOpTa,

YTO MMO3BOJISICT MCITOJIB30BaTh 00a KaHaia A COCAUHCHUS OJHOBPECMCHHO.

— WIC-2T - 2-nopToBblii CHHXPOHHBII/aCHHXPOHHBIM CEPUIHBINA CETeBOMU
MOJ1yJIb IPEIOCTABIIAET THOKYIO OJEPKKY MHOTUX ITPOTOKOJIOB C UHAUBUIYaIbHON
HAaCTPOMKOW KaKJ0TO ITOPTa B CHHXPOHHBIM WM aCUHXPOHHBIN pexuM. [Ipumenenus
JUI. CHHXPOHHON/aCUHXPOHHOH MOIEPKKHU MPECTABIISAIOT:

— HU3KOCKOPOCTHYIO arperanuto (10 128 Ko6/c);

— mnoanepxky dial-up MoeMoB;

— CHHXpPOHHBIE WJIM ACHHXPOHHBIE COEAMHEHUS C MOPTaMU YIPABIICHUS

Jpyroro 00OpyA0BaHUS U Nepeady yCTapeBIIUX MPOTOKOJIOB Tuma Bi-sync u

SDLC.

— WIC-Cover - crenka gama WIC cnora, HeoOXommma ISt 3alATHI
AJICKTPOHHBIX KOMIIOHEHTOB M JUIS YJIYUYIICHHS MHUPKYJSIUHA OXJIaXIAI0IIero

BO3AYIIHOI'O ITOTOKA.

J1Jist i3MEHEeHUs KOMIUIEKTaIlui 000pyA0BaHUsI HEOOXO0IUMO:

OTKJIFOYUTh THTAHWE, KIWKHYB MBIIIbI0 HA KHOMKE MHTAHUS, IEpPETalluTh
MBIIIBI0 MOAyslb 4ESW B CcBOOOAHBIM CIOT W BKIIOYUTH TuTanue. Ilogokmarh
OKOHYaHUS 3arpy3ku poytepa. B kondurypanuu GUI MoxeM yBUAECTH MOSBUBIINECS

4 HoBBIX HHTEpdetica (puc.4).
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¥ MapwpyTusaTop0

dU3nMyecKoe NpocTp:

OBLIEE 4]

HacTpoiku

1acTpoiKKU anropuTM
MAPLUPYTU3ALINS
Cratu4yeckan
RIP
KOMMYTALIUA
Ba3a aaHHbIX VLAN
MHTEP®ENC
FastEthernet0/0
FastEthernet0/1
FastEthernet0/1/0
FastEthernet0/1/1

FastEthernet0/1/2
FastEthernet0/1/3

Pucynox 4 - Kondurypanus nuatepdeiicoB ycTponcTna.

OcTanpHble yCTPOWCTBA KOMIUIEKTYIOTCS aHaJIOTWYHO. J|00aBisitoTCS HOBBIE
moaymu Ethernet (10/100/1000), onTOBOJIOKOHHBIE pPa3beMbl HECKOJbKUX THIIOB,
aganTepsl OecnpoBojgHOW cet. Ha pabounii KOMIBIOTEp €CTh BO3MOXKHOCTH
n00aBUTh HampUMep MHUKPO(POH C HAYINTHUKAMH, >KECTKHUU AUCK ISl XpaHCHUS
JTAaHHBIX.

KoHTpoapHBIE BOITPOCHL:

1. Kakas muara pacmmpenust ooecnednBaeT GyHKIIMOHAT BCTPOSHHON TOYKH
nocrtyna?

2. Kaxas njara pacupeHus PEeI0CTaBISET OJIHOIIOPTOBOE
MOCJICOBATEIbHOE TMOJKIIOYEHHE K YHaJeHHBIM oducaM Wi YCTapeBIINM
CEPHITHBIM CETEBBIM yCTPONCTBAM?

3. Kak Ha3pIBaeTCsi BRBICOKONPOU3BOAUTEIBHBIA MOIYIb C 4-MsI
KOMMYyTalmoHHbIMH nopTamu Ethernet non pazsem RJ-457

4. TlepeuncnuTe CeTeBbIe KapThl, MO3BOJSIONIME MOJAKIHOYaThCI K WAN

ceTam?
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5. Kakoii Tun unrepdeiica cneayeT BHIOpaTh MPH CO3JaHUU Ki1acTtepa?

6. HasoBute Mo KOMMYTAaTOPOB TPETHETO YPOBHSI?

7. Kakoii Tum kabens ciaeayeT UCI0JIb30BaTh IPU COEUHEHUU POYTEPOB
MEXTy coO0M?

8. VYkaxuTe cepuu MarucTpalbHBIX MapLIIPyTU3aTOPOB.

9. B kakux ciyyasx ucnoibizyercsi untepdeiic SERIAL?

10. Kak opranu3oBaTh CBSI3b ABYX MAaruCTpadbHBIX MapUIpPyTH3aTOPOB?

11. IlepeuncnuTe Bce BOBMOXKHBIE pexuMbl padoThl iporpammbl Cisco Paket
Tracer?

12. HazoBute Mo€T KOMMYTaTOPOB BTOPOTO YPOBHSI?

13. [lepeuncaute Bce TUTIBI CBA3EH, ncmonb3yeMbix B Cisco Paket Tracer u

YKQKUTC UX HASHAYCHUC.

IIpakTnuyeckoe 3ansitue Ne3. IlocTpoeHue TopoJICKONH MYJIbTUCEPBUCHOU

CCTH.

Ilenv 3anamusa: NONYyYUTh HABBIKM PACYETA TOPOJACKOW MYJIBTHCEPBUCHOMN
CETH.
3adanue. Ha OCHOBE WHIMBHUAYAJbHBIX MCXOOHBIX JAHHBIX IIOCTPOUTH

CTPYKTYpy  npoektupyeMod cetu. OmnpenenuTb cocraB aOOHEHTOB IO
MHQOPMAITMOHHBIM ~ MUKpopalioHaM. PaccuntaTh 0O0OBEMBI  MYJIBTUMEIUMHBIX
notokoB. [IpousBecTu BBIOOp THUMa aOOHEHTCKOTO U KOPHEBOTO OOOPYIOBAaHMS.
[IpoexTupoBanue BTopuuHOil cetu. Omnpenenenue TpeOyeMoi MOJIOCH MO y4acTKaM

MEPBUYHOM CETH.

MyJbTHCepBUCHAsE CeThb — 3TO CETh CHOCOOHAs TMPEAOCTaBISTh CBOUM
3aKa3yuKaM — IOPUIUYECKUM U (PU3NYECKUM JIMIAM — TaKU€ COBPEMEHHBIE YCIYyTH
CBSI3M, KaK BBICOKOCKOPOCTHOW HIMPOKOMOJIOCHBIM JTOCTYII K ceTu Internet, nepenaya
JNaHHbIX 1O nportokoiy IP, mepenada ayano- U BUIEOINOTOKOB IO IPOTOKOIy IP ¢

BO3MOXXHOCTBIO OpraHU3aliy MpUOpUTeTHBIX MOTOKOB (Quality of Service — QO0S).
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Mynomucepeucnas cemv — CE€Tb, B KOTOPOW HA CTPYKTYPHO-JIOTUYECKOM H
(W) anmapaTypHOM YpPOBHSIX OOBEIWHEHBl pa3JIMYHbIE CETEBbIE TEXHOJIOTHH,
o0OecreynBaofe BeCh CIEKTP WM HAOOp YCIyr, MPeaoCTaBIsEMbIX Ha OCHOBE
OTJIETIbHBIX CETEBBIX TEXHOJIOTHM.

Hcropuueck TEpMHUH MYJIbTUCEPBUCHBIE CETH BO3HUK IIOCIE TOTO, Kak
POBAJIUIIUCH TOMBITKU 0€300JIe3HEHHOT0 OOBEMHEHUS B OJIHOM CETH TaKHX
PA3HOPOJIHBIX IO XapaKTepy W TPEOOBAHUAM K 00CITY>)KMBaHUIO TPA()UKOB, KaK pPeUb U
BUJIEO C OJIHOM CTOPOHBI U IAHHBIE C IPYTOM.

OTnuuuTensHOM  4yepTol TpaMKOB pedyd U BUACO  SBISETCS  UX
OpEeICKa3yeMOoCTb. JTO TaK Ha3bIBa€Mble€ IOTOKOBbIE Tpa(UKH, ISl KOTOPBIX
XapaKTEepPHBI:

- MPUMEPHO MOCTOSIHHBIE TPEOOBAaHUS K CKOPOCTH Mepeaadn ouu(ppoBaHHON
peur WK U300paKeHNUs;

- KpaliHe ’KeCTKHEe TPeOOBAHUSI K BPEMEHU 3aJI€P>KKU MH(OPMALIK B CETH U K
BapHalluy 3TOU 3aJE€PKKU (JPKUTTEPY);

- HEKPUTUYHOCTD K MOTEPSIM OTJAEIBHBIX TAKETOB U3 OOILEro MOTOKA.

CoBepllIeHHO MPOTHUBOMOJIOKHBIN XapaKkTep HOCUT TpaduK JaHHBIX. 31€Ch:

- BCIUIECKOBBIA XapaKTep MOTOKOB MEKMallMHHOTO oOMeHa. Koadduument
NyJIbCAllUi, ONpENENsIEMBbII KAaK OTHOIICHHE IIOTOKAa B IIMKOBBIE MOMEHTHI K
CpPEIHECYTOUHOMY, cocTaBiseT A1 pa3Hbix cucteM 50:1, 100:1 u gaxe 200:1;

- OTCYTCTBUE )KECTKUX TPeOOBaHUM K BpEMEHU 3aJ€pKKU aKETOB;

- KPUTUYHOCTB K ITOTEPSIM WIIM UCKAXKEHUSM ITAKETOB.

3aieprkka MakeToB C 3aMepamMu olidppoBaHHON peun Ha Benuuuny 6omee 0,15
— 0,25¢c nemaer 3aTpyJAHUTENIBHBIM BEIEHUE IIEPETOBOPOB B PEKHUME PEATBHOIO
BPEMEHHU, T.K. COOECEIHUKHA MOTYT BOCIIPUHUMATh TaKyl0 33aJIEPKKY KaK MOJTYaHHE,
WHUIIMAPOBATH OTBETHYIO (Ppa3y U UX PEUM HAYHYT HAKJIAJILIBATHCS APYT HA JIpyTa.

Hanpotus, nns onepatopa 9BM 3anep:kka B IoJlydeHUU OTBETa Ha 1 — 2 cek,
OOBIYHO MTPOXOJUT He3aMeUeHHOU. JIJig cucTeMbl pacipeeIeHHBIX BEIYMCIICHUM,

KOoraa MHUIaTopamMu OoJIBIIIEN YacTH OOMEHOB BBICTYIIAIOT MAIWHBI, 3aACPKKH, KaK
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MPaBUJIO, TOXKE HE CTpalllHbl, TaK KaK MAalllMHbl B OXUJAHUM OTBETA MOTYT
BBITIOJIHATD JPYTUE BBIUUCICHUS.

[ToTepu OTAENBbHBIX WIH J1a)Ke TPYIIIIbI TAKETOB PEYEBOTO CUTHAJIA MOTYT OBITh
CKOMITEHCHPOBAHbI 3KCTPANOJISLMEN MNPEABIIYIIUX OTCYETOB B CHUJIY JOCTATOYHO
IUTABHOTO XapaKTepa KpHUBOM aHAJIOroBOro pedeBoro curHaina. [lonp3oBarenu k
TaKoro poja UCKaKEHUSIM PEYH OTHOCSTCS TEPIIUMO.

B wactu Buaeo-tpaduka umeeTcss O4eHb OOJBIION JMana3oH BO3MOKHBIX
ckopocTtelt (ot 28,8 kout/c 10 34 MOUT/C) U NOMYCTUMBIX 3aJepPKEK B 3aBUCUMOCTH
oT BHUJa nepenaun. Hampumep, yactoe caéprupanue Kajapa npu NpocMOTpe BUAEO 1O
3aMpocy MOXKET UCHOPTUTH XYA0KECTBEHHOE Bocmpuatue ¢uiabma. B To xe Bpems
IpU TPOBEJACHUM BUJICOKOH(MEPEHIICBI3U 00Jiee BaXKHBIM SBIIACTCS YCIBIIIATh BCE
CKa3aHHOE, YEM YBUJIETh HEMPEPHIBHOE H300paKEHUE.

Yro kacaercs moTepu MAKETOB W3 Tpaduka AaHHBIX, TO OYEBUAHO, YTO OHHU
HegonmycTuMbl. Hukomy He Hy>XeH (aill ¢ OTCYTCTBYIOIUMH OalTaMu.

OpHako, 37€Ch HE BCE TaK CTPAIIHO, IIOCKOJIBKY IIOMHMO CETE€BOTO YPOBHH,
3aHMMAIOLIEr0Cs HENOCPEICTBEHHO IIEpeJadyeil MaKeTOB, CYIIECTBYIOT HAJCETEBBIC
ypoBHU. Hampumep, TpaHCHOpPTHBIA (€CAUM pEaln30BaH PEXKUM BUPTYaJIbHbBIX
COEIMHEHMI) WJIK MOJb30BATEIbCKUI (€CIM MOJIb30BATENb JOPOXKHUT LETOCTHOCTHIO
cBoel nHdopmaIrn), KOTOPbIE MOTYT U JIOJDKHBI OOHAPYKUBATh MOTEPIO OJTHOTO WIIH
YacTW TAKETOB M HWHUIIMUPOBATh aJAPECHBIM 3ampoc MOTEPSHHBIX IMAKETOB WU
0e3agpecHbli 1enoro cooduenusd ((paiina). M1 B TOM 1 Apyrom ciydae Takue MmoTepH,
B KOHEYHOM CU€Te, IPOSBIIAIOTCS B 33aJIEPKKE MEPEAAUr U B JOTOTHUTEIbHON
Harpy3Ke Ha CETb.

VYka3zaHHble OCOOCHHOCTH Tpa(UKOB TMPHUBEIM K TOMY, UTO MPOLECC
KOHBEPTCHIIMU PEYM U JAHHBIX B €IMHYIO CETh 3aTSHYJICS Ha J0JTHE Tojbl. B ocHOBY
cetu Internet jer mpekpacHsbiif cTek mpotokoiaoB TCP/IP, koTopslif n3HaUYaIBEHO OBLT
OpUEHTHPOBaH Ha mepenady mnaketoB B pexume UDP, T.e. 6e3 opranuzanuu
BUPTYaJIbHBIX KAHAJIOB.

[ToaToMy mpoBaiizeps! yciayr Internet MOTyT rapaHTUpOBATh CBOUM pPEYEBHIM

a0OHEHTaM TOJIbKO Oosiee nemieBbie, mo cpaBHeHuto ¢ THOII (mpumepno B 2 — 4
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pasa), Tapudsl Ha BEJACHHE MEXKIYTOPOJHBIX U MEXIYHApOIHBIX NeperoBopos. Ho
HUKaK HE TO INPEKpPacHOE€ KadyecTBO M HAJEKHOCTh, KOTOPOE TapaHTUPYET
TpaJULIMOHHAS TeJIePOHUS.

Ho Tpaaunmionnast teneoHuss — 3T0 KOMMYTalldsl KaHAJIOB, 2 OHAa HE MOKET
CITyKUTh 02301 I MyJIbTUCEPBHUCHBIX CETEH, T.€. JIs nepeaaun Tpapuka “JaHHbIe
+ aymmo + Buneo” (Triple Play), mockonbky KOMMYyTHPOBATh KaHAJ C IMOJIOCOH 0T
MUKH BCIIECKOBOTO Tpaduka JaHHBIX — JIEJI0 PACTOUYUTEIBHOE.

ITocne Toro, kak cxema IP/BOJIC nmu IP/SDH/BOJIC oka3anack HecrmocoOHOM
peluTh 3aa4l KOHBepreHuuu Tpuaibl (D+A+V) cranu nosBisITbCS TEXHOIOTHH,
crocoOHbIe  TU(PEpEeHIIMPOBAHO MOAXOIUTh K OOCIY>XKHMBAaHUIO Pa3HBIX THUIIOB
MyJIbTUMEIUINHOTO TpaduKa.

Tak texnonoruss Frame Relay mpemnarana mosb3oBarenisiM OILIAYMBAThH 10
OOJbIIEH CTOMMOCTH TaK Ha3bIBaeMblii rapantupoBaHHbld Tpaduk (CIR) m Takum
oOpa3oM Morjia, Hampumep, OOeCleYUTh MPUOPUTETHOCTH IMOTOKOBBIX TpPa(UKOB
nepea Tpagukom AaHHBIX. CIEQyIONIMM 3TalnoM CTajlO IMOSBJIECHUE TEXHOJIOTHH
ATM, cnocoObHOW O0OCIYyKMBAaTh MOTOKM IO 5 Kjiaccam yCIyr W B JIBYX BBICHIUX
kinaccax (CBR u VBR) peann3oBarh peXxuM rapaHTUPOBAHHOW JTOCTABKH 33 CUET
pPE3EpBUPOBAHUSL PECYpPCOB 3alpalllMBa€MOro BUPTYaJTbHOTrO KaHana. CTOpPOHHUKH
ATM npenpekanu edl Belukoe OyAyliee Kak €IMHOM TEXHOJIOTMH, CHOCOOHOU
pean30BaThCA BO BCEX CETAX — OT JIOKAJIBHBIX /10 M100anbHBIX (T.€. B LAN, MAN u
WAN). Onnako, B JIBC npocras u nemeBas texHosiorus Ethernet He Tonpko He
claBajia CBOMX MO3ulMi, HO Oosee Toro, ¢ mosiBienruem GigaBit Ethernet u 10GE
cTayna BToprarbcs B ropojickue cetu (MAN).

K ocHOBHBIM, IaBHO H3BecTHBIM HegoctarkaM ATM — CIOXHOCTL H
JOpPOTOBU3HA — B TMOCJEIHEE BpEMs CTalM MNpUOABIATHCS M HEKOTOpPHIE U3 €€
JIOCTOMHCTB. A HWMEHHO, CIUIIIKOM TIIATeIbHBINH ydeT TpPeOyeMbIX PECYpCOB MIJis
KaXXJI0T0 3alpaliuBaeMoro BUPTyaIbHOTO KaHala U CJIMIIKOM Majas JjInHa S4eiKu
(53 Gatirta). Ilepexon kaHanoB Ha ruraduTHbie cKopocTH (STM-16 u STM-64, T.¢. 2,5

I'6ut/c u 10 I'6ut/c) nenaeT 3TH TOCTOMHCTBA HE CTOJIb OYEBUIHBIMH.
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OcHoBHOl KOHKYypupytouieid ¢ ATM TexHoJioruel B HACTOsIEEe BpeMs cTajia
MYJIBTUIIPOTOKONBHASE KoMMyTanust Mertok (MPLS), kotopas xak u ATM
o0ecrieunBaeT 00CIyKMBaHUE MYJIbTUMEAUIHOTO Tpaduka, HO JIeTaeT 3TO HEMHOIO
rpy0ee (u OpicTpee).

Tax B MPLS onpeaenens! Toapko 3 kaTeropuu Tpaduka:

- TpaduK, AJI1 KOTOPOTO PECYPCHI BBIIETSIOTCS BCETIa;

- TpauK, AJI1 KOTOPOTO PECYPCHI BHIAEISAIOTCS 110 BO3MOKHOCTH;

- TpaduK, 00CTy)KMBaeMbIi 0€3 BBIJICIICHUS PECYPCOB.

N xots Bompoc o0 ToM, uto ayuire — ATM unu MPLS, emie He peliieH, BIIOJIHE
BO3MOYKHO, UTO KaKO€-TO BpEMsI OHU OyJIyT COCYIIECTBOBATh, HAIIPUMED, B CXEME
IP/ATM/MPLS, B kotopoit cetb MPLS sBnsieTcs siqpoM MaructpajlibHOW CETH, a
ATM — cerpto noctyna K danpy. CymiecTByloT M OOpaTHble BapUaHThl —
IP/MPLS/ATM.

B pamMkax HacTOsIIEro KypCcOBOTO NIPOEKTAa Ha pOJb TEXHOJOTHH,
oOcy>KuBaroiell MyJIbTUMETUUHBIE TIOTOKU C 3aKa3bIBAEMbIM Ka4ECTBOM B PEKHUME
CTaTUCTUYECKOTO YIUIOTHEHHSI C peaau3alueld pPEeKUMOB BHUPTYalbHBIX KaHAJIOB
MO>KHO BBIOpaTh OAHY U3 IBYX TexHosoruii — ATM unu MPLS.

Ecau nipuHaTh 111 epBUYHOM ceTH HamOoJiee TMOMYJSIPHYIO B HACTOSIIEE
BpeMsi TexHosiormto SDH, Torma Ha BBIOOp CTyACHTA-NIPOEKTUPOBIIKKA
MpelaraloTcs JB€ CXeMbl opranuzanuu ceteBod uepapxuu: [P/ATM/SDH wunu
I[P/MPLS/SDH. Ilpu stom IP B 3T0i1 cxeme 03HayaeT, YTo nepBoHayanbHO B DBM
noJsib3oBatesst Gopmupyetcs [P-maker ¢ qaHHBIMH, ayIMO0- WM BUICOMH(BOpMAITUEH.
Jlanee, BO BTOPUYHOM CETH  peaIM3yeTcs TEXHOJOTus  OOCIyKUBAHMS
MyIbTUMEIUIUHBIX NOTOKOB (ATM wmmm MPLS). U HakoHel, B NMEpBUYHON CETH
peanuzyercs texnosnorus SDH.

B Oonee monHO#l cxeme HeoOxomumo yuecTh, uyTo Mexay JIBC (wmm
MHIUBUAYyalbHOM DOBM) M MaructpajibHOW CEThIO, KaK NPaBUIIO, CYHIECTBYIOT
KaHasbl (MU ceTh) aboHeHTckoro noctyna. Hanpumep: ISDN, xDSL, Frame Relay u
ap. Torga ana oOuiel cxembl KypCOBOIO MPOEKTa MOXKHO MPUMEHSTH CIEAYIOIINE

BapuanTthl: [IP/XDSL/ATM/SDH, IP/FR/MPLS/SDH, IP/FR/ATM/SDH u T.1.
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OcHOBHOM mpoONIeMOl g pacueTa MYJIbTHCEPBUCHBIX CETEH SIBISETCS
TPYAHOCTh pacuyeTa HeOOXOAUMOM MOJIOCH! MPOITyCKaHUs (MM KaHAJIBHON CKOPOCTH)
JUIA TPOMyCKa MYJIbTUMEAMMHOTO TpaduKka C 3aJaHHBIMU MOTOKAMH IO KaXIOMY
tunty Tpaduka (D+A+V) u ¢ 3aJaHHBIMU BEpOSITHOCTSIMHU SIBHBIX HIJIM HESBHBIX
norepp. BekoBas wucCTOpHs pa3BUTHS Teopuu Tenerpaduka Oblla  [MOYTH
UCKJIIOUYUTENIbHO HaNpaBieHa Ha aHaiau3 TeJeQOHHBIX CHCTEM M OKazajach
OeccunbHOM ISl pacyeTa ceTell mepeaadyn JaHHBIX, a TeM 0oJiee MyJIbTHCEPBUCHBIX

(T.e. CMEIIaHHBIX) CETEH.

CTpyKTypa NpoeKTupyeMoi ceTH

[IpoexkTnpyemMasl CeTb NOCTPOECHA II0 KIIACCUYECKOM CTPYKTYypE CETEM C
KOMMyTauuend mnakeroB (puc. 1), B KOTOPBIX HMMEKTCS YETKO BBIPAXKCHHBIC
cocrapisitone cetu abonentckoro pgocryna (CAJl), mepsuunoit cetu (IIC) u
BropuuHoii cetu (BC). B cBowo ouepenp BTOpUYHAs CETh, Kak IPaBUIIO,
noapaszaensiercsa Ha siapo BC u cets pacnpenenenus. MHorna gyHKUUU NEpBUYHON U

BTOPUYHOU ceTell 00bEAUHSIOTCS B OJTHY CETh.

aboHeHTbI abOHEeHTHI

CeTb abOHEHTCKOro gocTtyna

BTopuyHas ceTb

MepBuyHan cetb

aboHeHTbI /

Pucynok 1- Mepapxuyeckas CTpyKTypa MyJIbTHCEPBUCHON

aboHEeHTHI

OcHoBO#l 71000  pealbHOM  CceTH  CBSI3U ABJSCTCA  YPOBEHb
HEeCIeNaTN3UPOBAaHHON (YHUBEPCATIBHOW) MIEPBUYHON CETH, MPEICTABIISIIOIIEH

co00¥ COBOKYITHOCTD y3JI0B Ml COSUHSIONINX UX TUTIOBBIX (PH3NYECKUX TIETIEH,
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TUTIOBBIX KAaHAJIOB TIepeIaun U CeTeBhIX TpakToB. [{udposas nepsuunas cers (LICIT)
—3T0 0a30Bas CETh TUIIOBBIX YHUBEPCAIbHBIX IIU(GPOBBIX KaHanoB nepenayu (LIKIT)
U CETEBBbIX TPAKTOB, WM TPAHCIIOPTHAS CE€Th, 00pa3oBaHHas Ha 0a3e CETEBBIX y3JIOB,
CETEBbIX CTAHUWA KOMMYTAallMd WM OKOHEUYHBIX YCTPOMCTB NMEPBUYHOU CETH U
COCIMHSIIONINX WX JIMHUM Mepeadu.

CoBpemenHass ropojackas omopHas cerb (backbone) cTpoutcss modTH
UCKJIIOUMTEIHHO Ha 0a3e OKOHEYHBIX MYJIbTUILIEKCOPOB (OM) M MyJIbTUILIIEKCOPOB
BBOJIa/BhiBOAa (MBB) u coeauHsIOmUX MX BOJOKOHHO-ONTHYECKUX JMHUN CBS3U
(BOJIC). B OCHOBHOM MpPUMEHSIOTCS KOJBLEBBIE CTPYKTYpPbl B pPa3iIMYHbIX

Moaudukanusx (puc.2).

MBB
— — MBB ] Ms8B
MBB MBB
— — OMBB
\ MBB /

= . 1@

Pucynox 2- BapuanTtsl koH(UTypalnii TOPOACKUAX OTIOPHBIX CETEH
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Hns  nepenmaun mpuMeHsietcsi TexHoioruss SDH ¢ ucmomb3oBaHMEeM
CTaHIApPTHBIX TpaHcnopTHbIX Moayned STM-1, STM-4, STM-16 u STM-64
(cxopoctu cootBercTBeHHO (155 Mbwut/c, 622 Mowut/c, 2,5 I'out/c u 10 I'6ut/c).

YromsiHyTas Bhilie yHUBepcanbHOCTH [IC cocToMT B TOM, YTO I Hee
Oe3paznuyeH Tum nepenaBaemoro tpaduka. [1C BeimonHsIeT 3aka3 (Kak MpaBWIO, B
BUJIC apCHIbI) Ha TMPEAOCTABICHHE OIPEACICHHON TIOJOChI TPOMYCKAHUS ISt
npomnycka 1udpoBoro moroka. [Ipu 3ToM OCHOBHBIMH JOTOBOPHBIMHU ITapaMeTpamMu
SBIISIIOTCS  KaHAJIBHBIE CKOPOCTH TMepeiadd AaHHbIX (0T 2 MOWT/C W BBINIE) H

JI0IyCTUMasi BEpOSTHOCTh OlIMOOK B Outax — Bit Error Rate — BER:lO_9 + 10_12.

B ngaHHOM IpPOEKTE CO31aeTCs OJHOKOJIBLIEBAs BOJIOKOHHO-ONITHYECKAS CETh
SDH, copepxamas 5 MBB mno uwncny y3m0B KOMMyTauMd BO BTOPHYHOM
MYJIbTHCEPBUCHOM CETH M IO YUCITY MHPOpMaUHOHHBIX MUKpopaiioHoB (MMP). Ha
caMoM Jeiie, MHoromnosb3oBatenbckas [IC MoxeT uMeTh OOJbllee YHCI0 Y3JIOB U
0ojiee CIOXHYIO KOH(MUIypamuio Ais HyXJ APYTUX BTOPUYHBIX CETEeH, HO AJis
JAHHOT'O MPOEKTA 3TU CETH NPO3PAaYHBI.

Ha 0a3ze mnepBUYHBIX CceTEH CO3[al0TCs Pa3HOOOpa3Hble BTOPHUYHBIE CETH,
kotopbiM [IC mpenoctaBisieT ceTeBble TPaKThl AJisi MPOIycKa TpaduKa BTOPUUHOM
cetu. CeTeBOM TpakT — 3TO TPYNIOBOM TPAKT WJIM HECKOJBKO MOCIEI0BATEIBHO
COEIMHEHHBIX TPYIIIOBBIX TPAKTOB C BKJIIOUEHHOW Ha BXOJE M BBIXOJE anmnapaTypoit
oOpa3zoBanust TpakTa. CereBoil TpakT oOecmeurnBaeT UENOCTHOCTh Mepeaadu
MH(}OpMaAIUKU MO COEIUHEHUSM TPAKTOB OT TOUYKH (POPMHUPOBAHUS TPAKTA B OJTHOM U3
CETEBBIX y3JI0B, 10 TOUYKU €ro pac(opMuUpOBaHMs B IPYrOM CETEBOM y3J€ (B HalleM
ciydae ot ogHoro mynbTuIuiekcopa (OM wi MBB) no apyroro).

BTopuuHbIe CETH SBISAIOTCS CHEMATA3UPOBAHHBIMU ISl IPEJOCTABIICHHUS
OTPENICIICHHBIX YCIYT MO0JIb30BaTeNAM (TesedoH, TaHHbIe, (pakc, TOTOKOBOE BUIECO
U JIp.) MMyTeM MPOIycKa uyepe3 cBoM y3ibl kommyTanuu (YK) u uepe3 nepBuuHyIo
CeThb MOTOKOB, CIIeU(UYUHBIX JJI JaHHOW BTOPUYHOM ceTu. Hanpumep:

- notoku orudpoBanHoit peun ans ThOII;

- moToku IP—11akeToB Jj19 MEKMaIIMHHOTO OOMEHA;

- BugeoTpadrK KabeIbHOTO TeICBUICHUS;
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- UHTerpajbHbIN Tpaduk cereit ISDN;

- MyJIbTUMEIUUHBIA TpauK MYJTbTUCEPBUCHBIX CETEH JIsl MPOMYycKa JIF0ObIX
MOTOKOB MEXAy JIOOBIMU TUIaMH aOOHEHTOB (MMEHHO Takasi BTOPUYHAs CETh
co37aETCsl B HACTOSIIIIEM KYpPCOBOM IIPOEKTE).

Hakonen, TpeTbsi cocTapisiomias 00OOIIEHHON CETEeBOW CTPYKTYphl — cemb
abonenmckoco docmyna (CAJ]) — npenHa3HaueHa JJisi OAKIIOUECHUS MOJIb30BaTeNen
(aOOHEHTOB) KO BCEM pa3/ieliIeMbIM pecypcaM KakK TpPaHCIOPTHOW, Tak W JIHOOOMH
Ipyrou (Hampumep, KOpIOpaTUBHOW) CETH.

B 3aBucumoctu OT TpeOyeMOi MOJIOCHI MPOMYCKaHUSI U KOHKPETHBIX
(u3nYECKUX BO3MOXKHOCTEHN pa3inyaroT CISAYIOLUIUE BUIbl aDOHEHTCKOTO JOCTYMA:

- aHajioroBasi TesiepoHHAs TUHUS (MEIHAas mapa);

- MOJIEMHasl CBSI3b JJis TeNEe(POHHBIX KaHAJIOB;

- MOZIEeMHasl CBSI3b JJis1 (PU3HUECKUX JIMHUM;

- nocTyn 1o kaHaiaam ISDN;

- gocTtyn no kanaigam xDSL;

- IOCTYI MO PaIMOJINHUSM,

- TOCTYT TI0 CITyTHUKOBBIM JIMHUSIM CBSI3H,

- TOCTYT TI0 BOJIOKOHHO-ONTUYECKUM JIMHUSIM CBSI3H.

Takum 00pa3om, Bechb TpakT OT a0OHEHTa 10 a0OHEHTa, B 00IIeM ciydvae,
MPEACTABIISIETCS B CIEIYIOLIEM BUIE:

Ab6onenT] - kanan CA/] — YK BropuuHoii cetu — y3en nepsuuHoii cet (MBB)
— tpakt nepBudHou cetu - y3en [IC — YK BC — xanan CAJl — AGonent2 (puc.3,
puc.4).

PucyHok 2
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%, MMPA

Pucynok 3

Omnpenesnenue cocraBa a00HEHTOB 10 HHGPOPMALMOHHBIM
muxkpopaiionam (UMP)

MCC npoektupyercs sl Topoa, TEPPUTOPUS KOTOPOTO YCIOBHO pa3zeiicHa
Ha 5 wuH(}OpManMOHHBIX MHKpopaiioHOB. B kaxaom HMMP opranusyercs ysen
BTOPUYHOM CETH, SIBJSIOLIMNACS LIEHTPOM MPUBSI3KH JIJ1s1 aOOHEHTOB AaHHO UMP.

Bce abGoneHThl (OpraHu3anuy, OQHUCH) sl YNPOILIEHUS MNPOEKTUPOBAHUS
pasziesieHbl Ha 4 KaTeropuu Mo YUCITY COTPYJIHHUKOB (Sj) B HUX:

- AI' 1 — aboHEHTCKHuE TPYIIbl nepeol Kame2opuu C YUCIOM COTPYIAHUKOB
cepiie 100, T.e. S1>100. D10 KpymHBIE NPOU3BOACTBEHHBIEC, MEAULMHCKUE WIH
oOpa3oBareNbHbIC YUPEKICHUS, KPYTHbIC O(UCHI;

- AT" 2 — aDOHEHTCKUE TPYMIIBI 8MOPOl Kame20puuy C YACIOM COTPYTHUKOB OT

30-tu mo 100, t.e. 30<S2,<100. Cpennue npeaAnpusTsi 1 OQUCHI;

- AI' 3 — aDOHEHTCKHE TPYIIIBI mpemvell Kame2opuu ¢ YUCIOM COTPYTHUKOB

ot 5-tu 110 30, T.e. 10<S3<30. 310 rpynna Manbix 1 goMamHuXx opucos (Small

Office/Home Office — SOHO);
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- Al' 4 — uHIMBHUIYyaNbHBIE TOJB30BATEIN C HEOOJBIINM TeIeTpapUuKOM.
Otnenvuble (He opranu3zoBanHHeie B JIBC) koMmbroTephl, B TOM 4YHCIE H
TEJIEKOMBIOTEPHI.

Pacnpenenenne abonentckux rpynn (Alj) mo wmukpopaiionam (MIMPm)

OJIMHAKOBOE JIJIsl BCEX BAPUAHTOB MPOEKTA, MPEACTABICHO B Ta0I. 1.

Tabnuma 1 - Pactipenenenne abOHEHTCKHUX TPYIII IO MUKPOpaioHaM.

M NMP1 NUMP2 NMP3 NPM4 NPMS5
Al'l 20 20 15 15 10
Al?2 30 28 25 25 20
Al'3 40 40 30 30 25
Al'4 160 150 120 110 100

Uucno coTpyIHHUKOB B MEPBBIX Tpex rpymmax (Si, Sp, S3) ompexpensercs

KaXXIbIM CTYACHTOM HWHAWBHUAYAJIBHO B 3aBHUCHUMOCTH OT JABYX IIOCJICIHHX LII/ICI)p

mmmdpa (N1N2) u ot nocneaneit mudpsl Tekymero roja (N3) mo tadm. 2.

Tabnuua 2 - Yuciio cCoTpyITHUKOB B TPyMIaxX 10 BapuaHTaM KypCOBOTO MPOEKTa

N o123 |4a|5]|6|7|8]09
Si(no mpennocnentedt | 109 105 | 108 | 112 | 116 | 120 | 125 | 130 | 135 | 140
uugpe mrgpa)

S(mo TMOCTICIHCH) 31 | 40 | 50 | 60 | 70 | 75 | 80 | 85 | 90 | 100
uugpe mrgpa)

S3 (mo mocnemHen

uugpe Tekymero| 6 8 10 | 12 | 15 | 18 [ 21 | 24 | 27 | 30
roJia)

Hanpumep, B 2003 roay mna cryaeHTa ¢ mudpoM Xxxx27 YHUCICHHOCTh

COTPYIHMKOB MO a0OHEHTCKUM rpyrmmaM B jgrodom UMP cocraButr: S1=108, So=85,

Sg=12 u S4=1.
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Omnpenesienne 00beMOB MYJIbTHUMEAUIHBIX IOTOKOB

Teopernyeckoe 000CHOBaHUE pacueTa MyJIbTUMEIUMHOTO TpaduKa.

[Tocnennee necaruiieTne pa3BUTHE TEICKOMMYHUKAIIMOHHBIX CETEN UET B
HaIlpaBJICHUH UHTErpanuu yciayr. [[poucxoauT nepexol K MyJbTHCEPBUCHBIM CETSIM,
B KOTOPBIX MEPEaloTCs U KOMMYTUPYIOTCS pa3iuyHble BUABI HHPOPMAILIMU: TOJIOC,
JTAHHBIE U BUJIEO.

D10 — mudpoBsie cetu ¢ Kommyrtamnueil kananoB (Y-LICHUC), a tak xe
nakeTHbIe ceTu Ha 0aze TexHosoruit ATM, IP/MPLS u ap. Ilpu sTom TpaguiinoHHast
npobiemMa CBSI3UCTOB — 3(OPEKTUBHOE HCIOJIB30BAHUE TIOJOCHl MPOMYCKAHUS —
npuoOpeTaeT 0coOyr akTyanbHOCTh. CyIIECTBYIOIIME METOJbI OLIEHKH TpeOyemoii
MOJIOCHI ISl TIPOITyCKa MyJbTUMEAUHOTO Tpaduka (rosoc + JaHHbIE + BHIEO),
UCIIOJIb3yeMble TIPU MPOCKTUPOBAHUU CETEH, TUOO BeCbMa I'POMO3JIKH, JTUOO HOCST
npuOIMKEHHBIM Xapaktep. Ha mnpakThke MHUPOKO pPACHPOCTPAHEHO TMPOCTOE
CYMMHPOBAHHE MOJIOC €AMHUYHBIX KaHAJIOB C OPUEHTUPOBOUYHOU KOPPEKTUPOBKOM
MOJIOCHI €TMHUYHOIO KaHajia Mo CTENEHU CxKaTus Tpaduka.

Huxe npuBeseH BBIBOJ aHAIMTHUYECKOTO BBIPAKEHUS 1JI1 TPeOyeMOM MOJIOChHI
MYJIBTUMEINVNHON MArucCTpaid, OCHOBAaHHbIM HA HETPAAULMOHHOM B TEOPUU
TeneTpaduka moaxoae — IMHAMUKA MOMEHTOB [1].

Obocnosanue pacuemnot popmynsl. MarucTpaibHyI0 MyJIbTUCEPBUCHYIO CETh
MOYXHO TIPEJCTAaBUTh B BUJIE COBOKYITHOCTU y4acTKOB (pedep) j=1, 2, ...J, kaxasiit u3
KOTOPBIX COEMHSACT JIBa y3ja (BEPIIUHBI) U CIYKUT JJIsl IPOITYCKa Pa3InyHbIX TUIIOB
i=1, 2, ...I tpaduka, BkirOYas TPaH3UTHBIA (Vi1 OKOHEYHBIX Y3JIOB JAHHOTO
ydacTka). B ciywae, xorma 1o KOHKpPETHOMY YYacTKy mepenaercs Tpaduk TOJIbKO
OJIHOTO THMNa (HampuMep, TroJIocoBasi TelePOHHAS CBS3b), TpeOyemMoe YHCIO n
CAMHUYHBIX KaHAIOB (KaXAbld M3 KOTOPBIX NpPEIHA3HA4YCH ISl OOCITyKHMBaHUS

OAHOI'O BI)ISOBa) MOJKET OBIThH OLICHCHO B BHUC:

n= (Np+ K\/N_p) ,
L+ p) &

rae p - yaensHas uHTeHCcMBHOCTH B HHH, Dpo;
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N - ynciio aDOHEHTOB;

Np - cymMmmapHasi MHTEHCUBHOCTh Harpy3kH B 4ac HauOoJIbIIeH HArpy3KU

(YHH), Opa.

Koadduruent K npu nonycrumoctu noteps pasaoit 0,01 (T. e. motepst oAHOTO
u3 100 Be130BOB) paBeH K=2,31.

®dopmyna (1) moaydena Ha 6a3e TeX ke UCXOIHBIX AU epeHITNATBHBIX
YpaBHEHU TEOPUH HETIPEPHIBHBIX MApKOBCKHUX LIEMEH, YTO U KiIaccuueckas (opmyna
B DOpnanra 11t BEposATHOCTH MOTEPU BBI30BA B MOJHOAOCTYNHOM cucteme. OTandne
COCTOMT B TOM, YTO pPACCMAaTPUBAIOTCS TOJBKO JBAa COCTOSHUSA KaXAOro U3
OJTHOPO/IHBIX a0OHEHTOB: A0OHEHT MAaCCUBEH M A0OHEHT 3aHUMAaET KaHall.

JUIst KaXA0ro TUIA 1 MyJIbTUMEIUMHOTO TpadrKa, Ha KaK/I0M U3 YYaCTKOB ]

MyJIbTHCEPBUCHON CETH cpenHue 3HadeHus Ejj u mucnepcun Djj ciygaiiHoro 4ucia
3QHATBIX KAHAIOB BbIpaXaroTcst vepe3 Njj W pjj, TAC Pjj O3HAYACT YIACTBHYIO

MHTEHCUBHOCTH Tpaduka tuna i B YHH Ha ydactke j, a Njj — KOIM4€CTBO aDOHEHTOB
I-i ycItyry, JUIs KOTOPBIX MapHIpyT BBI30Ba MPOXOIHUT 4epe3 j-i ydacTtok. [Ipu sTom
MIPUHUMAETCS, YTO peueBoi Tpapuk — 3to Tpaduk tuna 1 (i=1), video-tpaduk — 310
Tpaduk tuna 2 (i=2) u Tpapuk JaHHBIX — 3T0 Tpaduk tuna 3 (1=3).

Ecnu npeanoiaoxuTh, 4TO BHI30BBI PA3JIMYHBIX THUIOB 1 HE3aBUCUMBI, U YUECTb
0JIM30CTh pacmpenesieHus: CIy4yalHOTO YKciia KaHaJOB, 3aHATHIX BBI30BAMM KaXJI0TO
TUIA, K HOPMaJbHOMY 3aKOHY, TO MOXHO ONpPEIETUTh CpEAHEE 3HAUYCHHE W
JUCIEPCHI0 CyMMapHOro uyucia kaHajgoB. Cymma J000ro umucia HE3aBHUCHUMBIX
HOPMAJIbHO paclpe/ieJIEHHbIX BEJIMYMH paclpesiesieHa HOPMabHO, IPUYEM CPEIHEE
3HAUYEHHE STOM CYMMbl PaBHO CyMM€ CpEOHHMX, a AUCHEPCHUS CYMMbl — CyMMeE
JTACTICPCHH.

HeoOxoaumo BBeCTHM HOPMHUPOBKY TpeOyemMoOW MOJIOCHl [Jisi €IMHUYHOTO
Tpaduka KaXJOr0O TUMA, B  YaCTHOCTH, 4epe3 kodpdurmumentsr  ki>1,
XapaKTepU3yIolIre MPUBEIECHNE K MUHUMAIBHOU ToJioce 1M TenedoHHoro tpaduka,
st kotoporo ki=1. Jlpyrumu cinoBamu, Hanpumep, kodddumment ko=6 mokasbiBaer,

yTo 151 video-Tpaduka Tpedyetcs B 6 pa3 OosbIas mosoca, yeM Jjis audio-Tpaduka,
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T. €. 384 KOut/c, ecnu 3a €IWHUYHBIA TpaduK MNPUHITA CKOPOCTh OCHOBHOIO

udpoBoro kanama — 64 Kout/c. [Ipu BBenenun kodpdunmeHToB Kj coxpansercs

MPaBWJIO CyMMHPOBAHHS CPEIHUX M AUCIEPCHM, MOCKOIbKY JMHEHHas (QyHKUIUs

HOpMAaJIbHOM BEJIMUYMHBI TAK)KE UMEET HOPMaJIbHBIN 3aKOH paCIpeeICHHUS.
OkoHYaTeNbHO TPeOyeMOE YMCIIO €AMHUYHBIX KaHAJIOB N C IMOJIOCOM T Ha

Ka)KIOM y4acTKe PaBHO (MHJIEKC | OMYIICH):

nzzkiNiPi+KZ\/kiNipl,

(2)
i (1) i 1+ m)
ITpu N>10 000 u kj<4 norpeurnocts (2) mana u coctapisieT 1%.
Kaxk u B (1), npu 10ITyCTUMOCTH BEPOSATHOCTH OTKa3a, paBHOM 0,01,

ko3 purment K=2,31.

Pacuer mapameTpoB Uil KaKA0r0 TUIIA TPpaduKa.

[Ipy peanbHOM NOCTPOEHUHM CETEW 3Taly MPOEKTUPOBAHUS B 00S3aTEIBHOM
MOPSIIKE TMPEAIIECTBYET 3Tan oOCIeAOBaHHUS OOCIYy>)KMBAa€MON TEpPpPUTOPUH, B
npolecce KOTOPOro MPOM3BOAUTCS aHaIU3 IpeanosaraeMbix HHMOPMaIMOHHBIX
MOTOKOB, BKJIIOYAasi MECTOIOJIOKEHHUE HCTOYHUKOB HArpy3Kd, THUIIBI Tpaduka, ero
00bEM U CTATUCTUYECKUE CBOMCTBA, TATOTCHUE MEXKIAY a0OHEHTAMH U TIp.

B cBsi3u ¢ OTCYTCTBHMEM TAKOTO 3Tala B JAHHOM KypPCOBOM IPOEKTE MapaMeTphl
UH(OPMAITMOHHBIX TOTOKOB HOCAT OTPYOJEHHBIM, B OCHOBHOM, WJUIIOCTPATUBHBIN
Xapakrep.

Kak mokazano B pasgene 4.1 s ompeaeneHds 0OIIEro IMOTOKA,
CKJIaJIbIBAIOIErocsl W3 TpaduKOB JaHHBIX, ayJauo- H BHJACO-UH(POpMAIIUH,
HEOOXOMMO ISl KaxJoro tuma Harpysku 1 (i=1, 2, 3) omnpenenutrh 3HAYCHUS
MapaMeTpOB:

- Nj — 9yucI0 COTPYAHUKOB, KOTOPHIE MOTYT OBITh ICTOYHUKOM JAHHOTO BUAA
Tpapuka;

- pj — yIenbHas HHTEHCUBHOCTH Harpy3ku B UHH ot ogHOro corpynauka no

BUy Tpaduka, Ipi;
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- Kj — ko3 pummeHTsI, XapaKTepu3yoIre MPUBEACHNE TIOJI0CH! KaXKIOTO THITA
K MUHUMAJIBHOM TI0JI0CE.

3a MUHUMAIBHYIO MOJIOCY €CTECTBEHHO MPHHSTH MOJOCY ayauo-Tpaduka, Kak
HAaUMEHBIIYIO U3 TPEX pacCMaTPUBAEMBIX MOJIOC (ay 110, BUIEO, TaHHbBIE).

HcxonHas ckopocTh HU(POBU3UPOBAHHOM peun cocTtaBisier 64 xout/c (D10
ckopocth OLIK unu DSO0).

TpeOyemas moJsioca Ajsi IEpeiayu Takoro Tpaduka, ¢ OJHOM CTOPOHBI, MOKET
OBITb CHUKEHA 3a CUET CXaTusi peud (Hampumep, npuMeHeHue kojaekoB (G.729
cHUKaeT ckopocTh 10 20 — 28 k6ut/c). C apyroit CTOpoHbI, crienudurKa MakeTHON
nepenayn peun TpedyeT paciIMpeHHsl TOJIOCHI 32 CUET «HAKIIAIHBIX PAcX0I0BY» (JI0JIH
cityeO0HOoi MH(pOPMAIIMK MPOTOKOJOB KAHAJIBHOTO, CETEBOTO W TPAHCIIOPTHOIO
ypoBHeM, nHoraa gocturatomieit 70% nna [IP-nakera).

[ToaToMy, HEe BIaBasCh B J€Tald 3TUX MPOLECCOB, IS €€ HACTOSIIETO
MIPOEKTA 32 €AUHUILY MOJOCH MYJbTUCEPBUCHOTO MOTOKA npuMeM AC=64 xout/c.

Iapamempuvr ayouompagpuxa (menegponnwvie pazzoseopot).

Takum 00pa3oMm, TpeOyemas mnosoca ayauorpaduka Ca=AC u

C
A
kKa =k = /AC = 1. [Tpumem, 4TO MoaL30BaTHCA yciayramu |P—tenegonuu MoryT BCe

COTpyaHUKU opranuzanuu, T.e. NaA=N1=S1, a UHTEHCHUBHOCTb ayJIUO-HATPY3KU OT
OJIHOTO COTpyAHHUKaA cocTaBisieT pa=p1=0,02 Dpi. qist aboneHToB 1-i, 2-i1 u 3-i
rpynn u pa=0,01 Opiu. ayis aG0OHEHTOB 4-¥ TPYTIIHL.

Hapamemput 6uoeompaguka (eudeokonghepenuycensn).

B 3aBucumoctu ot TpebyeMoro kadecTBa M300paKeHHs, aJrTOPUTMOB CKATHS
BUJICO/TAHHBIX, YHCJIa TTMKCETIOB U JIp. TpebyeMas CKOpPOCTh Mepeadl BUIeoTpapuka
MEHSETCS B OYEHB IMIHUPOKUX TIpeIesiax (0T AeCSITKOB KOUT/C A0 AecsaTKoB MOuUT/C)

B Hacrosdmem npoekre B KadecTBE MpUEMIIEMOM moJyiochl st IP-
BUICOKOH(EPEHIICBA3HU BIOEpEM HanOoJIee yImoTpeONMYIO B HACTOSIIIIEE BpeMs

ckopocTh - Cy=384 kbut/c.

Cv
Torna: ky =ko= /A/CZG-
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[IpumeM TakKe, 4YTO YHUCIO COTPYIHHUKOB, YYaCTBYIOIIUX B Pa3IU4HbIX
TEJIEBUJCOKOHPEPEHIMIX, cOocTaBasieT 5% OT OOIero uucia COTPYAHUKOB, T.€.

Nyv=N2=0,05S. VYnaenbHyl0 HHTEHCHUBHOCTb BHJE€O-HAIPYy3KH TMPUMEM paBHOU

pv=p2=0,015 Dpna. [Ipu 3ToM aboHEHTHI 3-i1 U 4-1 TPyNI BUACOKOH(DEPEHIICBA3BIO
HE TIOJIb3YIOTCH.

Iapamempor mpaguxa OanHbix..

[MpencraBieane TpadukoB Tpems mapamerpamMu Nj, pi, Ki HeoOxoaumo miis
TOTO, YTOOBI MOXXHO OBLIO OMpPEAEIUTh HEOOXOAMMYIO IOJOCY IS MPOITycKa
MyJIbTUMEANIHOTO Tpaduka no ¢popmyne (1). Onnako, cnenuduka Tpaguka TaHHBIX
HE MO3BOJIAET ONMPECIUTh 3TH MapaMeTPhl TAKXKE JIETKO, KaK 3TO ObLIO CIeIaHo s
MYJIbTUMEANNHBIX TPa(pUKOB (peUub U BUJIEO).

B cBsa3u ¢ 3TUM HMKE JaeTCAd HECKOJIbKO WHas, B OOJBIION CTENeHU
HCKYCCTBEHHAs, CXeMa ompejaeiacHus mapameTpoB Nj, pi, Ki TpUMEHHUTETbHO K
TpaduKy JaHHBIX.

[IpuHATH, YTO YHCIO COTPYAHHUKOB, OO0JaJAOMIMX HEOOXOJAUMOCTHIO
obMmeHuBaThCs TpaduKoM JaHHBIX, cocTaBiasieT Np=N3=0,5S, kpome aboHEeHTOB 4-i
rpynnsl (MHAUBUyaTIbHbIE aOOHEHTHI), 71 KOTOPBIX 3TO uucio Np=1. Y aenbHyto
WHTEHCUBHOCTD HArpy3Kku mpumeM paBHou pp=p3=0,1 Dpin. mis abonentor 1-i, 2-it
u 3-ii rpynn u pp=0,01 Dpin. - 1511 aGOHEHTOB 4-i1 TPyMNIbIL.

CpenHecyTOYHYH0 CKOPOCTh HCXOAIIEro Tpaduka JaHHBIX OT OJIHOTO

cotpynuuka u3 uucna Np npumem paBHOM Cpepcyr. =1 xbut/c. Torma, ckopocts

HCXOOAIICIO II0TOKAa OAaHHBIX B IIMKOBBIC MOMCHTBI, C YUYCTOM KOS(l)(l)I/ILII/ICHTa

nynbscanuit 100:1, coctaBuT CDZIOO-CDCp_CyTZIOO kont/c. OTCIOa HAXOINM.

C
Kp =ksg = /Aczl,a

Ha ocHOBanuMM »3THX mapaMeTpoOB MOYKHO HAWUTH CYMMApHYIO IIOJIOCY
npomyckanus (I111) ms mporycka coBokymHOTo ucxozsiiero Tpaduka A, V, D.
Bxomsmmii Tpaduk s ayamo u Buaeo nHGOpMAaIi MOKHO TIPUHSTH PaBHBIM

UCXOJISIIIEMY, XOTS JUIsl TaKeTHOU TesiehoHuu 3TO He o0s3aTenbHo. Tak, eciu oauH
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U3 c00ECeTHIUKOB TOBOPUT OOJIBIIIE IPYTOT0, TO MOTOK MAKETOB OyAeT
ACHMMETPHYCH.

Tpa(l)I/IK JAaHHBIX TOXKC IJIs1 YHPOIOCHUA MOKHO ITPUHATL CUMMCTPUYHBIM,

KpOME TOM €ro 4acTH, KOTopasi CBiA3aHa ¢ 0OMeHOM uepe3 Internet.

[TpunsiB, yTo TpaduK HaHHBIX, BXOAAIINN K a0OHEHTY u3 Internet, mpeBpimaeT
UCXOIAIUN TpapuK BTPOE, a caM ucxoasmui B Internet Tpaduk 1aHHBIX

coctapisieT 20% ot ol1iero ucxoasamuiero rpaduka JaHHBIX U, YYUTHIBas paHee

OIIPCACIICHHOC CDI/ICX:CD: MBI ITOJIYUHM CJICOAYIOIICC 3HAYCHUC OJIA CKOPOCTH

BXOOAIICTO ITOTOKA JAHHBIX:
CDBx:CDch'(O,8+3'O,2):1,4'CDch:ly4'CD:140 KOuT/C.

HpOHlC BCCI'o pCaJin30BaTb aCUMMCTPHUIO Tpad)m(a B TaHHOM IIPOCKTC MOJKHO,

BBCS PA3JIMYHBIC 3HAUCHUS OJIA KOB(b(l)I/II_II/IGHTa kD, T.C.

C
eclin kDI/ICX =k3 = D7/I,6 ’
' AC

TO ke =14k =224.

BX Hcx

[TpuBenem npumep pacueta napametpoB Nj, pi, Ki 1 odrica ¢ unciom

coTpyaHukoB S=110.

Tabnuua 3 - [Ipumep pacuera mapamMeTpoB UCXOAIIETO A0OHEHTCKOTO Tpaduka

i Nj pi Ki Ni-pi-Ki

1 110 0,02 1 2,2

2 6 0,015 6 0,54
1, 8,8

3 55 0,01 Z 24 / 12,32

* Ilnst k3 — B uncnuTene — 1aHHbIC 110 UCXOASIIEMY TpaguKy, a B 3HAMEHATEIE
— 110 BXOJISIIIEMY.

[To anamorum c Tabnu. 3 cocraBisercs TaOu. 4 JUis 3alaHHOTO KaXIOMY
CTYJICHTYy BapuaHTa PaCIpeleleHnus Yucia CaykKallux 1o rpymnam (Sj), tae j —
Homep rpynnel. Copxepkanue Tabn. 4 He 3aBucuT oT HOoMmepa KMMP, T.k.

pacnpesienieHie Sj M0 MUKpPOpaioHaM B JIaHHOM MPOEKTE HE MEHSETCs, & 3aBUCUT

TOJIBKO OT BapHaHTa IIPOCKTA.
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Ta6nuna 4. [Ipumep pacuera UCXOAAIIEH/BXOAIIEH HATPY3KH OT OJHOTO

aboHEHTa 10 TpyIam.

Homep Yucno
IPYNIbI | COyKamux | | Nij Pij Kij Nij-pij-Kij | Vinex/Visx
S.
ATl 11JO 1 110 0,02 1 2,2 21,94
2 6 0,015 6 0,54 26,29
3 55 0,01 1,6/2,24 | 8,8/12,32
A2 85 1
2
3
AT3 22 1
2
3
Al'4 1 1
2
3

*31ech: 1 - Tun Tpaduka, a ] — HoMep aOOHEHTCKOW TPYIIIBI.

Pacuyer 1moJiocosl nponycKanus AJ1s1i a00HEHTCKUX T'PYIIIL.

Ha ocHOBaHMM NpHBENEHHBIX BBILIE PACCYKIACHUN MOKHO paccuntaTh [T s
BXOJAIIMX M HUCXOJAUIMX MYJIbTUMEIUNHBIX IMOTOKOB IS KaXJAOW K3 YEThIpeX
a0OHEHTCKUX T'PYIII, YKa3aHHBIX B 33JJaHUU HA TPOECKTUPOBAHUE.

Pacuer mo ¢opmyie (1) mpousBoauTcs 111 aOOHEHTOB KaX IO j—TOM TPYIIIIHI (

j = 1,4) . Hampumep, pacdeT UCXOAIIEH TOJIOCHI M OJHOT0 a0OHEHTa MO JaHHBIM

tabaunel 3 (S1=110) naet cienyroiiue pe3yJbTaThl B YCIOBHBIX €MHUIIAX TTOTOKA!

Vlwziki‘Ni‘pl_'_K.Z?)\/ki'Ni'pi

i1 1+ p i=1 1+ pi

B mannom ciydae ancx — yucio ycioBHbIX enuHul] 111, B kauecTBe KOTOpOU

=2194 y.e.n.

MBI OTIPECIIUIIA CKOPOCTh CTaHIAPTHOTO (OCHOBHOTO) 1upoBoro kanaia DSO wnu

B 0003HAYEHHUSX, CJeIaHHbBIX BhIIIe - AC=64 xOuTt/C.
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Torz:a Tpe6yeMa51 CKOPOCTL HCXOIAJAIICIO KaHalla A IOAKIIOYCHHA K

MarucTpaibHOil cetn aboHeHTa rpymmbl Al'l ¢ yuciaom cotpyanukoB S1=110 Oyxaer
paBHa Ciyex=1,4 Mout/c.
AHaIOTUYHO PacCUMUTHIBACTCS U TpeOyemasi CKOpPOCTbh BXOJSILIEr0 IMOTOKA:

V1sx=26,3 y.e.n. umu Cipx=1,68 Mour/c.

3Ha4YeHUS MOJIOCH B YCJIOBHBIX SAMHUIIAX JIJIS OJTHOTO a00OHEHTa KaXKJI0U J—

TOU rpymimsl - V
inc Vi
BX

BKJIIOUUTH B Ta0J. 4. Kak u pansie koddduiment K=2,31 B

BbIpakeHHH (1) paccuMThIBanCsA 111 BEpOSATHOCTH mnoTepb, paBHOM 0,01. xoTs B
JaHHOM CJIy4ae 3TOT MoKa3aTesb (IOTE€pH) HOCUT HECKOJIBKO YCIIOBHBIM Xapakrep,
T.K. CUCTEMa C KOMMYTalMeWd IaKeTOB padOTaeT Kak CHCTeMa C OYepeasMH U
coBpeMeHHbIe TK — cucteMsl cTapatoTcst U30eraTh sIBHBIX MOTEPH MAKETOB.

Pacuets! [1I1 B jaHHOM pasnene mpoeKTa BBIOJHAIOTCA IJIsl OAHOrO a0OHEHTa
Kaxaoi u3 4-x aboHeHTCKuX rpynn. OHU MOCHIy,aT OCHOBOW JJIs BHIOOpA CPE/ICTB
aOOHEHTCKOro JocTyna K y3JlaM KOMMYTAallUM BTOPUYHOW CeTHM M Uil pacuéra

CyMMapHOro Tpauka BO BTOpUYHOM ceTu. Pe3ynbTaTsl pacyeTa cBECTH B TalJI. 5.

Ta6nuna 5. [Ipumep pacuera BXOASAIIETO U UCXOIANIETO TpapUKOB MO0 a0OHEHTCKUM

TPYyIITIaM.
Howmep Yucno CxopocTb CxopocTb
a0OHEHTCKOMU COTpPYIHHKOB (Sj) HCXOMSIIETO BXOJSIETO MOTOKA
rpymisl (j) notoka (Ciyex), (Cigx), MoUT/C
Mo6wut/c

Al'l 110 1,4 1,68

Al2

Al'3

Al'4

Bb100op THIIA a00HEHTCKOr0 A0CTYNIa 1 KOHKPETHOI0 YCTPOICTBA 0CTyNAa

[Moaxmtouenne aboneHTCKUx ycTpoicTB K MCC no pa3nu4HbiM (PU3HUECKUM

cpeaaM IpoOrU3BOAUTCA C TIOMOIIBIO MOJEMOB. Moaem B IIUPOKOM CMBEICJIC CJIOBA (He

TOJILKO TeJe(OHHBIN) - 3TO YCTPOMCTBO, KOTOPOE B 3aBUCUMOCTH OT PEIIaeMbIX




79

3a/1a4, MOKET BBINOJIHATH Pa3Hble QYHKIIUNA: MOTYJISINIO U JEMOTYJISIUI0 CUTHAJIOB,
npeoOpa3oBaHUE AaHAJIOTOBBIX CHUTHAJOB B HUGPOBBIE W HUX 0OOpaTHOE
BOCCTAHOBJICHHE, IpeoOpa3oBaHHWE OJIHOTO BHJIa MOAYJSIMH B Jpyroi. Mojem
MOXET OBbITh AaBTOHOMHBIM WJIM BCTPOCHHBIM B YCTPOWCTBO, C KOTOPBHIM
(YHKITMOHAJIBHO CBA3aH.

CoBpeMeHHBIE MOJEMBI IO O0OJIACTH TPUMEHEHUS MOXKHO pa3JeiuTh Ha
HECKOJIBKO TPYIIIIL:

- 1711 KOMMYTHUPYEMBIX Telle()OHHBIX KaHAJIOB;

- IS BBIJICJICHHBIX (apeHAYEeMbIX ) TeIe(OHHBIX KaHAJIOB;

- s QU3NYECKUX COCIWHUTENIBHBIX JIMHUN: MOJEMBI HU3KOTO YpPOBHS
(muHENHbIE ApaiBephl) UK MOJIEMbI Ha KOPOTKUE paccTosHus (short range modems),
MOJIEMbI OCHOBHOM moJiockl (baseband modems);

- V11 COTOBBIX CUCTEM CBSI3H;

- JUIsl TAKETHBIX PAUOCETEM;

- IS JTOKQJIBHBIX PaJINOCETEN;

- KaOeJbHbIE MOJIEMBbI JJIS MOAKIIOYEHUS K IU(PPOBBIM CETSIM IO CUCTEME
kabenbpHOTrO TeneBuaeHus (KTB);

- s 1u@poBBIX cucteM Tmepemaud. (OOecneyMBaIOT MOAKIIOYEHUE K
CTaHJIapTHBIM IM(POBHIM KaHajaM, TakuM Kak El wmmm ISDN, m momgmepkuBaroT
(GYHKIIUM COOTBETCTBYIOIINX KaHAIBHBIX HHTEP(EICOB;

- mozembl TexHosoruu XDSL, oGecnieunBatoiiye nepeaady peyu 1 TaHHbIX 110
MEHBIM TeNe(hOHHBIM JIMHUAM CO CKOPOCTHIO B HECKOJIBKO METa0uT.

JIns ONTHYECKON CBSI3M aHAJOTMYHBIC (DYHKIIMH BBIMOJHSIOT CBETOIHMOIBI
(LED) unu nazepusie auonsl (LD), mpeoOpa3sytolue HampsiKeHUE AICKTPUIESCKUX
CUTHAJIOB B ONTUYECKYIO MOIITHOCTh. OOpaTHOE IpeoOpa3zoBaHne CBETOBOTO CUTHAJIA
B DJICKTPUUECKHUI TOK OCYIIECTBIISIETCS ¢ MOMOIIBIO (hoTomerekTopa, PIN — nuoma
WJIA JJAaBUHHOTO JAMO0Ja.

B naHHOM MpoeKTe CTyACHT CaMOCTOSATEIBLHO OMpeeseT He0OX0IMMbIE BHUIbI
abonentckoro aoctyna kK MCC B COOTBETCTBUM C JAHHBIMU TaOJ. 5 ¥ MPOU3BOJIUT

BBIOOD ammapatypsl Uit 000MX KOHIIOB «ITOCTETHEN M.
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[Ipy »TOM HEOOXOAMMO Yy4YeCTb CleAylollee BaXXHOE€ OOCTOATEIbCTBO —
oOmeMupoBasi TEHJEHIUS B OTHOIICHWU Tpaduka [IaHHBIX: TOYTH YIBOCHHE
exerogHo. Iloatomy BbIOOp ammapartypbl HYKHO MPOU3BOJUTH I CKOPOCTH
MOTOKOB (Ta0J1. 5) ¢ HEKOTOPBIM 3aMacoM.

PekomeHnyemble BapuaHThl —ammaparypsl Jjis  abOHEHTCKOro J0CTyma
npuBeneHsl B [Ipunoxennn 1.

IIpoexTUpOBaHKE BTOPUYHON CeTH

Jns peanuzanuu BTopuuHoii cetl (BC) cTyeHT caMOCTOATENIbHO BHIOUpAET
oy u3 AByX TexHosoruii (ATM unu MPLS).

1o cornacoBaHuIO ¢ pyKOBOJUTENIEM KYPCOBOIO IPOEKTUPOBAHUS MOYKHO
BBIOpaTh W npyrue BapuaHThl, Hanpumep, 10 Gigabit Ethernet, opuenTupysco
Ha TEMY JIUIJIOMHOTO MPOEKTA.

OmnpenesieHue napamMeTpoB MyJIbTHMEIMHHOTO Tpauka B y3Jaax
KOMMYTAallu¥ BTOPUYHOM CeTH.

B cooTtBeTcTBUU ¢ TPUHATON cXeMoil (cM. pazaen 2) y3ibl kommyTtanuu (YK)
pacnonaratorcs B kaxxaoM UMP (okenaTenbHO B LIEHTPE) U 00ECIIEUUBAIOT MPOITYCK
MYyJIbTUMEIUINHOTO TpadrKa, UCXOAIIEro OT BceX aOOHeHTOB gJaHHOoro UMP u
BXOJIAILETO K HAM.

Pacuer storo tpaduka Hy»KHO BeCTH MO JaHHBIM Ta0auIl 1 u 4, 1o
dbopmyne (1), MoTUPHUIIIPOBAB €€ CICAYIOMIMM 00pa3oMm:

K-N - K—N—p0
vV =1l 23: ij ] IOij-I-K'\/TI;ZS ij ij ij

Migcx mj

3)
i 1+ pij i=1 1+ i
rae m — Homep UMP, m=15 ;

j — HOMEp Ipynmbl, j=14 ;

| — i Tpaduka, i= 13 (A,V,D);

Nmj — 4Kcio abonentos B rpymnie j 8 UMPm no nanueiv tadn. 1;

N; i Pi j-ki j — TapaMeTphI TIOTOKA THITA 1 B TPYIIIIE ], 10 JAHHBIM Ta01. 4;

ijI/ICX

— YHCJIO YCIIOBHBIX SIWHUII TOTOKA (y.e.n.), ucxoasiero oT Al'j B UMPm u Bxomsimero B YKm.
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CripaBeJIMBOCTh TaHHOM MOAU(PUKAIINN OOBSICHIETCA CIEAYIOIINM 00pa3oM.
B dopmyne (1) B xaxaom cnaraeMoM NpuUCYTCTBYET mapamerp Njj — YHCIO
HMCTOYHMKOB BBI30BOB KaXXKJIOTO THMNA 1, B Kaxaou rpymnme j. B dopmyne (3) uucno

TaKUX UCTOYHUKOB YBCIIMINBACTCS B Ilmj pas3 (T.e. CTaHOBHUTCA PABHBIM Ilmj N”) H T.K.

Nmj (2 COOTBETCTBEHHO W ,/nmj ) HEe 3aBUCUT OT THma Tpaduka I, TO ITHU
K03 (UIIMEHTH BEIHECEHBI 3a 3HAK CyMMHPOBAHUSI.

[Tocneanee nomyuieHue, KOTOPOE HaAM MPUAETCA CIENaTh, COCIABUINCH TENEPh
y)ke Ha OOJbIIOE YHCIO HCTOYHMKOB HAarpy3kM, 3TO IPOM3BECTH IPOCTOE
CYMMHUpPOBAHHE YETHIpEX MOTOKOB (OT Kaxaoil Al') B oAuH OOIIMKA TOTOK, T.€.
OnpeAenuTh 00BEMBI NMOTOKOB B y.e.n., UCXOAAIUX OT Bcex aboHeHToB MMPm u

Bxoaamux B YKm, a taxxe tpadux ansa Bxoxasmero B UMP notoka kak:

4

4
= VV A" =<V
mucx Z Mjucx u mjpx Z Migx

mj =1 =1

A

Pesynprarel pacuetoB W y.e.n. m KaHaIbHOM CKOPOCTH Cm pex U Cm opx

(mamomanM, uto C=W-64 x6ut/c) nusa kaxmaoro MMP (t.e. s kaxnoro YK) cBectu

B Ta0II. 6.

Tabmuua 6. [lpumep pacuera BXOMSIIETO U UCXOJAMIETO TPaPUKOB B y3iax

KOMMYTaI1H.
Hanpasnenus tpadpuka Howmep YK (MIMP)
VK1 YK2 VK3 YK4 VK5

Ot Al' k YK 800/
WHCX(J’-e-y voum 512

CMCX( c/ )
Ot YKk Al 1000/

64

W ( y.e.7)/ MO

(")
CyMMmap. moToK uepes 1890
VK 115,2
W (y.e.n.)

C(Mbum ¢)
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[lo pesynbraTam pacyeToB, NPHUBEACHHBIX B Tabiuie 6, ONpeAeNsIOTCS
TpedyeMble CyMMapHbIe MPonycKHbIe criocoOHOocTH YK ¢ yueTrom ompenesneHHoro (B
npenenax 50-100%) 3amaca Ha pacmupenue oObeMa ycnyr. PexkoMeHayembie
BapHaHTHI almapaTypsl U y3JI0B KOMMYTAIMH NpUBeACHbI B [Ipunoxenun 2.

OmnpenesieHne MATPULbI TATOTEHUH B MATHCTPAJILHOM CETH.

O6men Bo BC npou3BoauTCs B COOTBETCTBUU C TEMU MapaMeTpaMu MOTOKOB,
KoTophlie Kaxabld YKm nepenaet kaxaomy apyromy YK u cebe.

Takue mapaMeTpbl TMPEACTABISAIOTCA B BUAe MaTpuilbl TsaroreHuid C
pasmepHoCcTH M, 31eMeHT Cpg KOTOpPOM OINpeAesseT CKOpocTh NMoToka oT YKm k
YKs.

B peasibHBIX CETAX ITH MOTOKU OMPEACISIIOTCS KOHKPETHBIMH JaHHBIMH TIO
MHTEHCUBHOCTSM B3aMMOOOMEHOB MEXAy BCeMH a0OHeHTaMu ceTu. B obmiem Buje
matpuna C pazmepnoctd M, rae M yucno YK, nomkna opmupoBatbest U3 MaTpUILIbI
A ropazno Oousbliield pa3MEepHOCTH (Hampumep, 1Mo odmeMy 4yucity aboHeHTOB N),
3JIEMEHTBI Apgq KOTOPOW OMPEIEINSIOT MOTOK OT OXHOro aboHeHTa (p) K JApyromy
aboHeHTy (q).

JIisi MaHHOTO MPOEKTa TaKhe CKPYMyJie3HbIC MOJCUYEThl HE MMEIOT CMBICIA,
MO3TOMY HWKE OIpe/esieH He Oe3yNnpeuHbli, HO 3aTO YIPOILUEHHBIM alropuTMm
pacnpeneneHuss MNOTOKOB Mexnay yi3namu kommyrtanuu BC. Ilpexnme Bcero
HEOOXOMUMO BpPEMEHHO pacmupuTh MaTpuily C Ha OIHWH DJIEMEHT, IMyTeM
no0aBlieHUs K KBaJpaTHOW MaTpulle pasmepHoctd 5 (T.K. B cetn umeercs 5 YK)
IIECTOM CTPOKM M IIECTOTr0 CTOJO0Ia, COOTBETCTBYIOUIMX TaKOMY MOILHOMY

MCTOYHMKY U MOTPeOUTEN0 HHPOPMALIMOHHBIX TOTOKOB, KaK y3el Aoctyna K Internet
. 6
(YA I). B nanpHeiimeMm, mocjae TOTO KaK 3JEMEHTHI MaTpPHUIIbI C() MOJIHOCTBHIO

5
OTIpeeNsATCS, HE0OX0AUMO OyAeT BEPHYThCS K MaTpHIIe C( ) nyTeM OOBeAMHEHUS

IIECTOTO CTOJIOIA CO CTOJOIOM I' U IMIECTOM CTPOKHU CO CTPOKOM 1, rje r — HoMep YK,

C KOTOpBhIM coBMelleH Y/ I .

Cdopmupyem A npuMepa nepByro CTPOKY MaTPHUIIbI C(6) 10 JaHHBIM Ta0J. 6

51,2
(6e3 3amaca Ha pacmupenue ycuyr). AcummMmerpudHocTs Tpaduka YKI ( 64 )/
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CBsI3aHA KaK pa3 ¢ TeM, uyTo MoTok B HampasneHun ot YKI1 k Y/ I mensbiie oOpaTHoro

notoka ot Y/I I k YKI.

[Ipumem crenyromiee pacmpezeseHue ucxondmero u3 mobdoro YK moroka:
20% x Y I (t.e. x Internet), 20% wnanpaButh aboneHtam cpoeii MMP (T.e.
BHYTPUY3JIOBOM TOTOK). OCTallbHOM MOTOK paclpeenTh MEXAY OCTaBIIUMUCA
yeThipbMs YK mopoBHy. [IpousBens HeoOXOauUMBbIE pacueThbl, paclpeiesiuM MOTOK
Clucx=51,2 Mbut/c 1 Moixy4uM MEepPBYIO CTPOKY MaTPHULIBI C(6) B CJIEAYIOLEM BUIE
(Mowur/c):

C11=10,24; C10=7,7; C13=1,7; C14=7,7; C15=7,7; C16=10,24

PaccuutaB ananorn4Ho emie 4 cTpoku, cooTBeTCTBytomMe y3naM YK2, VK3,
YK4 u YKS, 3aBepum hopMupoBaHre MaTPUIIbI C(G) J00aBJICHUEM IIECTOM CTPOKH.
OnemeHT Cgp hopMUpyeTCcs KaK pa3HUIlA MEXKIY CyMMapHbIM Bxonsimum B UMPI
TOTOKOM (T10

Tabs1. 6 370 64 MOUT/C) U CyMMOH y)Ke ONpe/IeICHHBIX JJIEMEHTOB MIEPBOTO

C =C -C

6
CTOJIOIA MATPHIIBI C( ), T.€. 61 1BX Z i1

5

i1

(Hambonee cmocoOHbIE CTyIEHTHI, KOHEYHO, JIOTQJal0TCs, YTO TaKOe
VOPOLIEHUE COJEPKUT ONPEAENEHHYI0 HEKOPPEKTHOCTb, HO Mbl HE Oynem
OTBJIEKATbCS OT OCHOBHOM 11€JIM HACTOSAIIETO MPOEKTA).

OnemeHT Cgg JIOTUMHO NPUHATH PaBHBIM HYIIO, T.K. €F0 HEHYJIEBOE 3HAYEHUE
o3Havayio Obl, 4To ['mobanbHas ceth Internet ucnones3yet y3en nocryna Hameit MCC
B KaU€CTBE TPAH3UTHOI'O ISl CBOMX MOTOKOB.

Takum 06pa3zom, HAMH TIOJTy4Y€HA MAaTPUIIA TATOTCHUH C(G), 3JIEMEHTBI KOTOPOH
Cms OIpenensioT CyMMapHbId MYJIbTUMEIUNHBIN NoTok (MOuUT/c) OT aOOHEHTOB
NMPm (umm, uro To ke camoe — oT YKm, or MBBm) x aonentam UMPs (x YKs,

MBBs). IIpu stom anemeHT Cmg omnpeaenser ucxoasmmii norok or UMPm (YKm,

MBBm) k y3ny noctyna B Internet (Y /1 1), a anement Cg| — Bxoasiuuii notok u3z Y/ |
B UMPs (YKs, MBBs).
Pe3ynbTaThl pacyeTa MaTpuUllbl TSITOTEHHN HCIOJB3YIOTCS HPH ONPEACICHUN

TpeOyeMoil KaHaJIbHON CKOPOCTH B IEPBUYHON CETH.
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Omnpenesenue TpedyeMoi MOJI0CHI 10 YYACTKAM MEPBUYHOM CeTH

[lepeuunas cetp (IIC) B jgaHHOM TIpOEKTE€ TMPEACTABIAECT  COOOi
ONTOBOJIOKOHHYIO C€Th KOJBIIEBOM CTPYKTypbl Ha 0a3e TtexHonoruu SDH. Oto
rOpOJICKasi ONOPHAs CETh, MPENOCTABIAIONIAs YCIYTH B BUJIE ONPEAEICHHON MOJIOCHI
nporryckanust (I1I1) mo6piM monb30BaTENsIM Ha OCHOBE JIOJITOBPEMEHHOW apeHIIbI
(IpUHIMIT BBIICJICHHOTO KaHaia). Peann3oBaHHas B HACTOSAIIMNA MOMEHT (B JIaHHOM
MIPOEKTE) CKOPOCTh IO OJHOMY BOJIOKHY COCTaBisieT 622 MOuT/c (CTaHmapTHBIHA
TPaHCHOPTHBIA MOIysTE — STM-4).

Bcero 3aneiictBoBaHO 4 BOJIOKHA MO 2 B Ka)KJIOM HaNpaBJIEHUHU, U3 KOTOPBIX
OIMH OCHOBHOM W OJHMH pE3epBHBbIN (cucreMa pesepBupoBanus 1:1, Bpems
nepexiroyeHus Ha peseps A0 50 Mc). OcTanbHble BOJIOKHA KaOens (Tak Ha3bIBaEMbIE
«TEMHBIC BOJIOKHa») HAXOJSTCS B PE3EpBE Ha cCIlydyail pacIIUpeHHs] MPOIYCKHOU
CIIOCOOHOCTH CETU WJIH MOBPEXKACHUS pab0UNX BOJIOKOH.

Ha  ONTOBOJOKOHHOM  KOJBLE  PACIOJOXKEHBl 5  MYJBTHILUIEKCOPOB
BBOJ1a/BbIBOAa (MBB nnu Add/Drop Multiplexer — ADM), ¢ KOTOPBIME COBMEIICHBI
S y370B KOMMYyTalMi BTOPUYHOM CETH, T.€. 1o oaHou nape YK — MBB B kaxiom
HUMP. Ha camom nene

SDH-xonbio Moxket coaepxkats Oombmie MBB, HO 11 mpoektupyemoi
MYJIBTUCEPBUCHOM ceTu 3T MBB mnpo3pauHbl 1 MOTYT HE paccMaTpUBaTHCS.

B npouecce npoexktupoBanus [IC B HacTosiIieM MPOEKTe HEOOXOIUMO PEIITUTh
2 Bompoca:

a). Paccuuraty Tpebyemyto III1 nmns kaxmoro u3 apeHJOBAHHBIX YYacCTKOB
SDH-komb1a.

0). Beiopats o manaeiM Ilpunoxkenus 3 moaxonsmuii MBB u ommcats ero
MarucTpaJibHbIE U TIOJIb30BaATEILCKIE HHTEP(EHCHI.

OCHOBOI [JI1 TakOro pacyera MOXKET CIYXHUTh IOJy4YyeHHas B pasziene 6
MaTpuIla TATOTEHUN C(B), 30 snemeHTOB KOTOpOMl (Mo Qopmyne n-(n-1), rae n=6)
ONPENEINISIIOT BCE MEXYy3J0Bble MOTOKU. ONHAKO, B JTAaHHOM ClIy4ae 3Ta MaTpuiia

n30bITOYHA, T.K. IpH yciaoBuu copmenienus Y/ I ¢ onaum u3 YK, uncio peanbHbIX
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y3JI0B Kak B INEPBUYHOM, TaK M BO BTOPHUYHOM CETIX COKpaIaercs 0 5 u
cJe0BaTEIbHO, MPeoOpa3oBaB MaTPUILY C(B) B C(S), MBI COKPAaTUM YHCIIO TOTOKOB JI0
20 (Bce o Toi ke popmyie n-(n-1), rae Teneps yxe n=5).

[Topsinok nmpeoOpa3oBaHus C(B) B C(S) CJIeIYIOLIUH:

- OOHY/NUTH TJABHYIO MUArOHaNb, T.e. MPHUHATH Cpm=0 mms Bcex m=16.
3naueHus Cyym ONpeAessoT MOTOKU Mexay aboHeHTamu ogHoro MIMP, a Hama
3a/1aya Ha JJAHHOM 3Tale COCTOUT B ONPEJEICHUH TOJIbKO MEXY3JIOBbIX IOTOKOB;

- BbIOpaTh ouH u3 YK (Hampumep YK») B kauecTBe y3i1a, COBMEIIEHHOTO C
YAL

- npubaBUTh K 3JEMEHTaM BTOPOH CTPOKH AJIEMEHTBI IIECTOW CTPOKH U

O = O + Cx®
JIMKBUAUPOBATh LIECTYI0 CTPOKYy. Temepp, Hampumep, 3IEMEHT a = Ca + Ca
Oyner conepxkarb cymmy notokos or YK; k VK m or VK3 x VI,

- MpUOaBUTH K PJIEMEHTAM BTOPOTO CTOJIONA JIIEMEHTHI IIECTOrO CTOJI0A U

JUKBHIUPOBATh Imectoi croioem.  Temepp anmement (6 =6 +(6) Oyner
12 12 16

coAepkKaTh CyMMY MTOTOKOB OT Y K> K YK1 mor VI Ik YKy;
- 00HynuTh 31eMeHT Cop, T.K. TEMEpb OH COJEPKUT CyMMY BXOJSIIETO
UCXOISINIET0 TOTOKOB Mexay coBMelmEHHbIMU Y[ I n YKo n HuKak HE BIMgET Ha

MCIKY3JIOBBIC IIOTOKM.

o 5
[Tomyyennass TakuM 00Opa3oM MaTpuila TATOTEHUU C() onpenenser

paccUMTaHHbIC 3HAYEHUS MYJIbTUMEIUNHBIX MOTOKOB Mexay BceMu mapamu YK (u

CONPSIKEHHBIX C HUMU

MBB). Onnako, HEMOCPEJACTBEHHO UCMOJb30BaTh STU 3HAYCHUS JJIsI apEH]IbI
KAaHAJIOB TEPBUYHOM CETHM HENb3d MO cleayrinen npuuuHe. Bece Bxoasl B MBB
CTaHJAPTU3UPOBAHBI U OPUEHTUPOBAHBI HA JIBE TPYIIbI KAHAJTBHBIX CKOPOCTEH:

- TpuOHBIE TOPTHI TUIe3nOoXpoHHOM 1udpoBoit nepapxun (PDH): EI1 (2,048
Mbo6urt/c), E2 (8,45 Mowut/c), E3(34,368 Mowut/c) u E4 (139 M6ur/c);

- TpUOHBIE MOPTHI CHHXPOHHOU 1HdpoBoi uepapxuu (SDH): STM-1 (155,52
Mb6ut/c), STM—4 (622,08 M6ut/c), STM—16 (2488,3 MOuTt/c) 1 T.11. B CTPOrOM

YYETBEPEHNUH KaHAJIBHBIX CKOPOCTEM.
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(%)
[ToaToMy, monydeHHyto Bbilie Matpuiy C’ HeoOXoauMo mpeoOpa3oBaTh B

o 5
HEKOTOPYIO MaTpHILy CTaHAAPTHBIX CKOpocTel Q, yBEIMYMB BCE 3HAYEHUS Cms( ) 10

®)

OJKalIedt CTaHIapTHON CKOPOCTH (s~ U3 psana ckopocteidr PDH win SDH.

[TIpu BbIOOpE CTaHHAPTHBIX CKOPOCTEH HE CIEAyeT JeiaTh CYIIECTBEHHBIC
3amachl Ha IEPCHEKTUBHOE yBEIMUYEHUE Tpaduka, T.K. peub UAET HE O IOKYIKE
o0opynoBaHus, a TOJIBKO 00 apeHje KaHalia, a JIOrOBOp 00 apeHje, Kak MpaBUIo,
JIETKO MEPECMaTPUBAETCS.

OOparuTe BHUMAaHHUE U HAa TOT (PakT, 4TO cKopocTh E2 B Hacrosiiee Bpems He
HOJIB3YETCSI TIOMYJIIPHOCTBIO Y IPOU3BOUTENEH 000PYJOBaHHSI U MOTYT BOZHUKHYTh
3aTpyAHEHHs] TIpu BbIOOpe KOHKpeTHoro MBB. Martpuua craHnapTHBIX CKOpPOCTEH
MEXY3JIOBBIX TOTOKOB (Q, B KOTOPOM JJIEMEHT (Qms ONpEAeNseT TpeOyemylo
KaHaJIbHYI0 CcKopocTb oT MBBm k MBBs, yxe MoOXer Cily)XUTb OCHOBOM JIA
3akiroyeHust goropopa o0 apenze I mexny mpoBaiiiepoM BTOPUYHOM CETH H
OIIEPaTOPOM IIEPBUYHOU CETH.

OnHako HEOOXOIMMO NPOBEPUTHh PEATU3YEMOCTh JAHHOTO MPOEKTa C TOYKHU
3pEHHUs JOCTAaTOYHOCTH MPOMYyCcKHOM ciocooHoctu cetu SDH ¢ STM—4.

Pemmnts 3Ty 3a/1a4y B OJIHOM MEpPE MOXKET TOJBKO ONEPATOP NMEPBUYHOU CETH,
KOTOPOMY H3BECTHBI BCE APEHAATOPHI II0JIOC, HO NPOU3BECTU IPEABAPUTEIBLHYIO
OIIEHKY U YyOenutbcsi, uto motpedHoctu Hamedd MCC He BBIXOIAT 3a paMKH
BO3MOXHOCTEN STM-4 MBI MOXKEM.

Hns onpenenenust cymmapnoi IIIT gns 10 yyacTkoB KoJiblia (B KaXKJI0M
Y4aCcTKE pacCMaTpPUBAIOTCS BOJIOKHA MO M MPOTHUB YAaCOBOM CTPEJIKU) JOCTATOYHO
3aHeCTH 3HaueHus wmaTtpuubl Q B Tabn. 7 B mporecce mnpocmorpa Beex 20
MEXY3JIOBbIX TOTOKOB. B MSATHY3710BOI ceTH BCe MOTOKHU OYAYT COAEPKaTh OJAUH WA
JIBa ydacTKa MEepBUYHON ceTu. B Tabn. 7 mokaszaH nmpuMep NOCTPOESHUS AJi MEPBbIX

5-TH TOTOKOB.
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Q

MBB-1 ™ MBB-2

MBB-5 ~ i MBB-3

VK&
VK4

MBB-4

4

Pucynok 5 - Cxema NOTOKOB ITEPBUYHON CETH

Tabnuna 7 - PacnipeneneHue cTaHIapTU3UPOBAHHBIX MOTOKOB BTOPUYHOW CETH IO

yY4aCTKaM HGpBI/I‘IHOf/'I CCTHU

IIpsimble Y4acTKu NEPBUYHON CETU

kaHanel BC [1-2|12-1(2-3|3-2[3-4(4-3|4-5| 5-4/5-1]1-5

YK1—»VYK> qi2
YK1—>VYK3 g13 g3
YK1—»>VYKy 14 Q14
YK1—>V¥Ksg gis
YKo—VYK; 021

U T.J.

OO6rmmas I1I1

[TpaBHIILHOCTB TIOCTPOEHHUS Ta0JI. 7 MOKHO NMPOBEPUTH IO YHCITY 3HAYEHHH (jj
B KaxJoM ctosone. x momxHo ObiTh Tpu. Hampumep: I1I11.0=0Q12+q13+052. A B

Ka)XJIOU CTpoKe Tabj. 7 JOJDKHO OBITH JTUOO OJHO 3HAYCHHE qij (i cMexHbIx YK),

mu6o nBa. Pacuersr IIII B pazmenax 4 w 6 nus KaHAIOB JOCTyNa M KaHAJOB
BTOpUYHOU ceTu (Mexay nBymst YK), u3-3a CTaTUCTUUECKOTO YIUIOTHEHHS TAKETHOTO
TpaduKka B HUX OKa3aJUCh JOCTATOYHO CJIOXXHBIMH. B oTiiMuue oT 3TOro B TpakTax
MIEPBUYHOM CETU OT/ICNIbHBIC KaHAJBHBIE TIOJIOCHI SBIISIOTCS HE3aBUCUMBIMH U OOIIIYIO

[1II MOXHO OIPENEIIUTH MPOCTHIM CYMMUPOBAHUEM COCTABJISAIOIIUX ITOJIOC.

Pe3ynbTaThl TAKOr0O CyMMHPOBAHUS COCTABIISIIOT ITOCIEAHIO CTPOKY Tab. 7.
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Ecniu Ha kakoMm-HuOynp yudactke SDH-xonmblia cymmapHbiii — Tpaguk
npessbimaet 70% oT HOMUHAJIBHOM CKOPOCTH (B HalleM ciaydae ot 622 Mout/c), To ¢
Y4€TOM YCTOWYUBOM TEHJCHIIMH K SKCIIOHEHIIMAILHOMY POCTY TpaduKa, Oreparop
NEPBUYHON CETH JOJKEH MPUHUMATh CPOYHBIE MEPHI K MOBBIIIICHUIO MTPOITYCKHON
criocooHoctr SDH-konbma mbo myrem 3amensl MBB ¢ STM—4 na MBB ¢ STM-16
(T.e. mepexon Ha ckopocTh 2,5 ['0ut/c), mubo nobasienueM HOoBeIX OB KkoJerr 3a cuer
UCIIOJIb30BAHUSI «TEMHBIX BOJIOKOH», JM00, HaKOHEIl, UCTIOJIb30BAHIEM TEXHOJOTUM
rpyboro cmekTpaibHOro  MyiabTHILIeKcupoBanuss (CWDM) wnmm  mioTHOro

CHeKTpaibHOro MyibTuIiekcupoBanus (DWDM).

KoHTpoapHBIE BOITPOCHL:

1. Kakue Buapl Tpaduka yYUTHIBAIOTCS MPU PaCUYETE CETH U B UEM UX
0COOEHHOCTBH?

2. UTo moHuMaeTcs mo/1 epBUYHOM CEThIO?

3. Uto moHnMaeTcst I0 BTOPUYHOU CEThIO?

4. TlosicauTe coctaB 0000MIEHHON CTPYKTYPHI MYJIbTUCEPBUCHON CETH.

5. Uto moHMMaeTCs o1 yASIbHON MHTEHCUBHOCTRIO Harpy3ku B UHH.

6. Kak BbI noHnMaeT nousTre yac HauBbiciien Harpy3ku YHH u mouemy
ITPOU3BOJIUTCS PACUET B pACUETE UMEHHO HA TAKUE 3HAYCHUS ?

7. Yto moHnMaetcs 1o Kod(pPuImeHToM NpuBeIeHUS K MOJI0Ce POy CKaHUS?

8. IlosicuuTe mapaMeTpsl ayaro MOTOKa.

9. llosicauTe MapamMeTpsl BUICO Tpaduka.

10. IMosicauTe mapameTpsl Tpaduka TaHHBIX.

11. TlosicHuTE aNTrOPUTM MOCTPOCHUS PACUETHON TAOJIUIIBI.

12. Uto moHnmMaeTcs oJ YCJIOBHON €IMHHUIICH TTOTOKA U 3a4eM OHA HY>KHA?

13. B uém 3akirouaercs CyThb pacuéra BTOPUYHOM ceTn?

14. TlosicauTe 0cOOEHHOCTH BBIOOPA 000PYIOBAHUS.

15. Kakue napameTpsl ceTh HEOOXOAUMO 3HATh, JJIs1 BHIOOpa 000py10BaHUs?

CIIMCOK UCTOYHUKOB:

1. CaBoctunckuii F0.A. Meton onpenenenus Tpe0yeMoii MoJI0Ckl MaruCTPaIH

JUTSI IPOTTyCKa MYJbTUMEIUHHOTO Tpaduka. DneKTpocBs3b. 2003 - Ne3.
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2. Jlaryrun B.C., Koctpor B.O. OreHka xapakTepUCTHK MPOITYCKHOM
CIIOCOOHOCTH MYJIbTUCEPBUCHBIX MAKETHBIX CETeW MpU pean3aluy TEXHOJOTUU
pa3/ielieHHs TUTIOB HAarpy3ku. I1eKTpocBs3b. 2003 - Ne3.

3. Onudep B.I'., Onudep H.A. Komnbsrorepusie cetu. CII6.: [Tutep. 2001.

4. Imansko A.B. Hudposeie cetu cBsizu. M.: Dko-Tpenas. 2001.

5. Omudep B.I'. u ap. ATM u MPLS — Bparu unu coro3uuku? KypHan
cereBbIx permenuit. LAN. [lekabps 2002.

IIpakTnuyeckoe 3ausaTue Ne4. Mzydenue padoThl MapuIpyTu3aTopa C

ncnoyib3oBanreMm Cisco Packet Tracer .

Lens 3anamusn. I3ydnth ipaBujia COCTABIECHUS CTATUYECKOTO MapuipyTa u
IPUHITUIBI JUHAMUAYECKON MapiipyTu3anuu. [1onyduts Hablki KOHUTYPUPOBAHUS
0o00py/noBaHusl TPU HACTPOHMKE MApUIPYTU3aTOPOB U KOMMYTATOPOB TPETHETO
YPOBHSI.

3aoanue. IlocTpouts cet Ha 6a3e MapHIpyTU3aTOPOB. ONpeaeIUTh aapecainio
B ceTu. PaccMmoTtpets npotiecc hopmupoBanust Tabiuil Mapiipytuzanuu. [Ipoussectu
HACTPOMKY CTaTUYECKOTO KoH(purypupoBanus. [IpousBectu HaCTpONKY MPOTOKOJIA

RIP. ITponsBectn HacTpoiiky nporokosia OSPF.

1 CraTnueckasi MApIIPyTH3aIUA

[TpoToKO0IBI MAPLIPYTU3ALMH - ITO TIPABUJIA, TTO KOTOPHIM OCYIIECTBIISACTCS
oOMeH wuH(bOpMAIUU O MyTAX TMEpeladyd MMaKeTOB MEXIy MaplIIpyTHU3aTOPaAMH.
[IpoTokonbl  XapakTEpU3YIOTCS  BpPEMEHEM  CXOJIMMOCTH,  MOTEpPSIMH U
MacTabupyemMocTbio. B HacTosimiee BpeMsi HCHOJIb3YeTCsl HECKOJIBKO MTPOTOKOJIOB
MapILIPYTH3ALIHH.

Onna W3 TJaBHBIX 3a7a4  MapUIpyTH3aTopa COCTOMT B  ONPECICHUU
HaWIy4dlllero NyTH K 3aJlaHHOMY ajpecaTy. MapuipyTu3atop ONpeAessieT IMyTH
(MapmipyThl) K ajpecaTaM WM U3 CTaTUYECKOW KOHQUTYypalluu, BBEACHHOU

aIMUHUCTPATOPOM, WM TUHAMUYECKH HA OCHOBAaHUU MapIIPyTHOW MH(pOpMAIINH,
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MOJIyYUeHHOM OT JpYruxX MaplIpyTU3aTOpoB. MapmipyTu3atopsl 0OMEHUBAIOTCS
MapuIpyTHOU MH(OpMaIel ¢ TOMOUIBIO TPOTOKOJIOB MapIIpyTU3AIUH.

MapuipyTtuzaTop XpaHUT TaOIUIBI MapIIPyTOB B OMNEPATUBHOW MaMSTH.
Tabnvua MapmpyToB 3TO CIHCOK HAaWIY4YIIMX WM3BECTHBIX JAOCTYIHBIX MapLIPyTOB.
MapuipyTu3aTop UCTOIb3YET ITY TAOIUILY JJIsl IPUHATHS PEIICHUs Ky/1a HApaBIATh
MAKeT.

B cnayuae craTtuyeckoll —MapuipyTHM3aluMd — aJMUHUCTPATOp  BPYYHYIO
ONpeaeNsieT MapIIPYThI K CETAM Ha3HAUYCHUS.

B cinydae QuHaMU4YecKOM MapIIpyTH3alUd — MapLIpyTH3aTOPbl CIEIYIOT
npaBujaM, OIpeAeNsIeMbIM  MPOTOKOJIAMHM  MapUIpyTHU3aluu  JiJIsi  OoOMEeHa
uH(popmaruen o MapuIpyTax v BbIOOpa JyUIIero myTH.

Cratnyeckre MaplIpyThl HE MEHSAIOTCA CaMHM  MapLIpyTH3aTOPOM.
JluHaMu4ecKrue MapuIpyThbl U3MEHSIOTCS CAMUM MapHIpyTU3aTOPOM aBTOMATHYECKHU
IIpH MOJTYYEHUU UHPOPMALIUKA O CMEHE MAapLIPYTOB OT COCEHUX MApIIPyTHU3aTOPOB.
Crartuueckass MapmpyTU3alMs IMOTPEOSSET Majo BBIYMCIUTENBHBIX PECYPCOB U
MOJIE3HA B CETSX, KOTOPhIE HE MMEIOT HECKOJIbKMX IMyTEeW K ajapecaTy Ha3HAYECHUS.
Ecnu ot mapuipytuszatopa K MaplIpyTH3aTOPy €CTh TOJBKO OJWH MYTh, TO YacTO
HCIIOJIb3YIOT CTAaTUYECKYIO MapIIPYTU3ALHUIO.

Co3zpaiiTe cxeMy CeTH, IPEACTABICHHYIO Ha PUCYHKE 1.

Hub- ""'.}-
Server PT Hub1l
Provider 1841
1841 router2
routerl

—~

-
o~ ;
1841

router3

R 'd ”
- PC-PT
Comp7
Server-PT

Comp5

Sl 24 Server-PT
Server-PT PC-PT Comp6
Comp2 Comp4 Server-PT

Server-PT

Comp3 Comp8

Pucynok 1 - Cxema cetn
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[IpoBeneM HaCTPOMKY CTATUYECKOM MAPLIPYTHU3ALUH C IIOMOIIBIO
rpaduyeckux mactepoB uaTepdeiica Cisco Packet Tracer.
Ha nanHoil cxeme npejcTaBiieHa KOPIIOpaTUBHAS CETh, COCTOALIAS U3
CJIEIYIOLIUX KOMIIOHEHTOB:

Cetb 1 — Ha Switch]1 3ambikaeTcs ceTh nepBoi opranuzanuu (Tadbuuma 1):

Ta6muma 1 - CeTs IepBOM OpraHu3aluu

Kommnsrorep IP angpec DyHKIMHU
Comp?2 192.168.1.2/24 DNS u HTTP ceprep
Comp3 192.168.1.3/24 DHCP cepBep
Comp4 ITonygen ¢ DHCP cepBepa Krnuent cetn

B nannoii cetn Ha Comp2 ycranosneH DNS u Web cepsep c¢ caiitom
OpraHu3aINH.

Ha Comp3 ycranoinen DHCP cepsep. Komnbrorep Comp4 nomyuaer ¢ DHCP
cepBepa IP anpec, agpec DNS cepBepa nposaitnepa (cepep Provider) u mumro3.
[Imro3 B cetn — 192.168.1.1/24.

Cetb 2 — Ha Switch2 3aMbIkaeTCsl ceTh BTOPOM Opranu3anuu (Tadmauna 2):

Tabnuua 2 - CeTh BTOPOIl Opranu3anuu

KOMIIBIOTED IP ampec DyHKIMHU

Comp5 10.0.0.5/8 DNS u HTTP ceprep
Comp6 10.0.0.6/8 DHCP ceprep
Comp7/ [Tonyuen ¢ DHCP cepBepa | Knuent cetu

B nmannoit cetm Ha Comp5 ycranoBieH DNS u Web cepBep c caiitom
opranu3zauuu. Ha Comp4 ycranosinen DHCP cepsep. Kommnbtorep Comp7 nosrydaet
c DHCP cepsepa IP anpec, anpec DNS ceppepa nposaiifepa (cepsep Provider) u
twtio3. 1103 B cetn — 10.0.0.1/8.

Cetrp 3 — na Hubl 3amsikaercs ropojackas cets 200.200.200.0/24. B cetun
yctanoBieH DNS cepsep npoBaiifepa (kombrotep Provaider ¢ IP agpecom -
200.200.200.10/24), conepxamuii qanHubie Mo BceM caiitam cetu (Comp2, Comp5,

Comp8). Cetrb 4 — mapuipytuzarop Router3 BBIBOAUT FOPOACKYIO CE€Th B MHTEPHET

gyepe3 kommyTaTop Switch3 (cets 210.210.210.0/24). Ha Comp8 (IP anpec
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210.210.210.8/24, mutro3 210.210.210.3/24.) ycranoBnen DNS u Web cepsep ¢
CalTOM.

MapurpyTuzaTopbl UMEIOT IO J1Ba HHTEpdeiica:

Routerl — 192.168.1.1/24 u 200.200.200.1/24.

Router2 — 10.0.0.1/8 u 200.200.200.2/24.

Router3 —210.210.210.3/24 u 200.200.200.3/24.

3ajnaya:

1 — HacTpoUTH CETH OpraHu3aIuii;

2 —HacTpouth DNS cepBep npoBaiinepa;

3 — HACTPOUTH CTATHYECKUE TaOIUIbl MapIIPYTU3ALUU Ha POYTEPAX;

4 — mpoBepUTH PabOTy CETH — Ha KaXXJIOM U3 KOMITbIOTepoB - Comp4, Comp7
1 Comp8. C KaK10Tr0 U3 HUX JOJDKHBI OTKPBIBATHCS BCE TPH CaliTa KOPIOPATUBHOU
CETH.

B npenpinymux 1abopaTopHbIX paboTax paccMaTpuBajiach HACTPOHMKA CETEBBIX
cnyk0 u DNS cepsepa. IIpuctynum K HaCTpOWKe CTaTUUECKON MapHIpyTHU3allid Ha
poytepax. IlockonbKy Ha MpEeACTaBIEHHOM CXEME YEThIpe CETH, TO TaOIMIIbI
MapuIpyTHU3alUd KaKk MUHUMYM JOJIKHBI COAEPKATh 3aMKUCH K KaXKIOM U3 3TUX ceTel
— T.€. yeThIpe 3anucu. Ha poyrepax Cisco B Tabiuiax MapupyTH3auuu Kak IpaBUiio
HE MPOIHUCHIBAIOTCS MYTHU K CETSIM, K KOTOPBIM MOJICOEAMHEHBI HHTEP(ENCHI poyTepa.
[ToaToMy Ha Kaxa0M poyTepe HEOOXOAUMO BHECTH T10 JIBE 3alKCH.

HacTtpoiite niepBsiil poyTep.

Jns aToro BoWauTe B KOH(Urypalnuio MaplipyTu3aTopa U B uHTepdercax
yctanoBure IP ampec m macky moaceru. 3arem B pazaene MAPIIPYTU3ALIUA
otkpoite BkIaaky CTATUUYECKAS, BHecuTe naHHbie (puc.2) U HaXXMUTE KHOIKY

JIOBABUTD:
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T —

l DdU3NYECKOe NPOCTPAHCTBO I KoHdurypaums I CLI l

OBLEE -
HacTpoiixn Cratuyeckue MapuwpyTbl
Eacrpoﬁxu anropuTMi CeTb 10.0.0.0
[@ Macka 255.0.0.0
[ Crameckan Cneaytowmin nepexoa 200.200.200.2
RIP No6asuTb

[ KoMMyTAUMA
Basa aaxHbix VLAN CeTeBoin agpec

Yaanutb

Pucynox 2 - lanasie qis ceta 10.0.0.0/8

B PE3YIbTATC Y BAaC OOJIDKHBI ITOABHUTHCA JABC 3allICH B Ta6J'II/IHe

Mapuipytuzanuu (puc.3):

T P B

| DdUENYECKOoe NPOCTPaHCTEO ] KoHdurypaums l CLI |

OBLYEE e
= CraTuyeckue MaplupyTbl
fiactpoiikw anropum: CeTb 210.210.210.0
MAPLUPYTU3ALINSA Macka 255.255.255.0
Cratuyeckas Cneaywowwin nepexoa 200.200.200.3
RIP [ LobaButb J
KOMMYTALMSA
Basa aaHHbix VLAN CeTeBoW agpec
@ 10.0.0.0/8 via 200.200.200.2
[ FastEthernet0/0 210.210.210.0/24 via 200.200.200.3
FastEthernet0/1

Yaanutb

Pucynox 3 - ®opMupoBaHre CTATUYECKON TaOIUIIBI MapIIPYTU3AITUN

UToOBI TOCMOTPETH MOJHYIO HACTPOUKY TAOIMIBI MApIIPYTU3ALIMH, BHIOCPUTE
B O00koBOM rpaduueckoM MmeHio HMHCTpyMeHT [IPOBEPKA (mukrorpamma iymsl),
IICIKHATE B CXEME Ha pOyTepe U BBHIOEPUTE B PACKPHIBAIOIIEMCS MEHIO MYHKT

TABJIMA MAPIIPYTU3ALINN.
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ITocne HacTpOMKH BCEX POYTEPOB B BAIEHW CETH CTAHYT IOCTYmHHBI [P ampeca
JT000T0 KOMIIBIOTEPA U Bbl CMOXETE OTKPBITH JIFOOOK calT ¢ komnbroTepoB Comp4,
Comp7 u Comp8.

IHocTpoenne TadM MAPIIPYTH3ALMH.

BeimonHauTe caMmOCTOSATEIEHO CJICOYIOIIYIO pa60Ty, CXCMa CCTHU AJId KOTOpOﬁ

IIPE/ICTABIICHA HA pUC.4.

Serv-PT
Server2

1841 e |
Router2 Server-PT

Serverl

1841
Routerl

Server-PT

Server3 Server-PT PC-PT

Server_Provider Comp1

Pucynok 4 - Cxema cetu

I14Th KOHLIEHTPATOPOB MPEACTABIISIOT CIEAYIOIINE MSATh CETEN:

Hubl1l — cets 11.0.0.0

Hub12 — cets 12.0.0.0

Hub13 — cets 13.0.0.0

Hub14 — cets 14.0.0.0

Hub15 — cets 15.0.0.0

Router 1 umeeT 1ONOIHUTENBHBIN CETEBOM HHTEp(PEiic, KOTOPHIN 100aBISETCS
n3 monynst WIC-1ENET mipu BBIKIIFOYEHHOM POyTEpE.

B cetu Tpu Web y3na na Serverl, Server2 u Server3.

CepBepa u KOMIIBIOTEP UMEIOT NPOU3BOJIbHBIE [P agpeca co nuro3amMu cBoux

POYTEpOB.



95

HuTepdeiickl poyTepoB ONPEACNISIOTCS CeThI0 HAa KOHIIEHTPATOPEe W HOMEPOM
poyrepa.

Hanpumep nns Router3: 15.0.0.3 u 14.0.0.3

3ananue:

koMmibioTep Compl [0MKEH OTKpBITH BCe TpU calTa Ha cepBepax
KopriopatuBHou cetu. B Hactpoiikax Compl B kauectBe DNS cepBepa ykazan DNS

cepBep npoBaiiaepa Ha Server Provider.

2. luHAMUYeCKas MAPILIPYTU3 AU

Crarrueckas MaplIpyTH3alus HE MOAXOAUT JJisi OOJIBIIMX, CIOXKHBIX CETel
MIOTOMY, YTO OOBIYHO CETH BKJIIOYAIOT M30BITOYHBIE CBSI3U, MHOTHE IMPOTOKOJBI U
CMEILIaHHbIE TOITOJIOTHUH.

MapupyTu3aTopbl B CIOXKHBIX CETSAX JOJDKHBI OBICTPO adanTHPOBAaThCA K
M3MEHEHUSIM TOMOJIOTUU U BBIOMPATh JTYyYIIUH MaplIpyT U3 MHOTUX KaHAUIATOB.

IP cetn umeroT nepapxudeckyro cTpykrypy. C TOUKH 3peHHs] MapLIpyTHU3ALUN
CeTh

paccMaTpuBaeTCsd KaK COBOKYIIHOCTb AaBTOHOMHBIX CHCTEM. B aBTOHOMHBIX
nojcucTeMax OONBIIMX CeTeH JUIsi MaplIpyTU3allud Ha OCTaJbHbIE ABTOHOMHBIE
CUCTEMBI LIUPOKO UCIIOIB3YIOTCS MApLIPYTHI II0 YMOJIYAHHUIO.

Jlunamuyeckass ~ MapUIpyTHU3alMs.  MOXET  OBbITb  OCYIIECTBJIEHA  C
HCIIOJIb30BAaHUEM OJIHOTO U 0Oojiee  MPOTOKOJOB. OTH  MPOTOKOJIBI  YaCTO
IPYNIUPYIOTCS COTJIACHO TOTO, TJ€ OHHM HCIOJIb3YIoTCsA. [IpoTOKOJbl 111 paboTh
BHYTPH AaBTOHOMHBIX CHCTEM Ha3bIBAOT BHYTPEHHMMH NPOTOKOJAMM LUIFO30B
(interior gateway protocols (IGP)), a mpoTokomsr 1y1st paboThl MEXITY aBTOHOMHBIMU
CHUCTEMaMH Ha3bIBAIOT BHEITHUMU MTPOTOKOJIAMU IUTIO30B (exterior gateway protocols
(EGP)). K nporokonam IGP otrocsrcs RIP, RIP v2, IGRP, EIGRP, OSPF u IS-IS.
[Tporoxonst EGP3 u BGP4 otHocarcs k EGP. Bce 3tu mpoTokosiasl MOTyT OBITH
pas3ziesieHsl Ha JBa KJlacca: JUCTAHLIMOHHO-BEKTOPHBIE IPOTOKOJBI M MPOTOKOJIBI

COCTOSHHUA CBA3U.
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JIMCTAHIMOHHO-BEKTOPHAS MaPIIPYTH3ALUS.

MapuipyTr3aTopbl UCHOJB3YIOT METPUKHA JUISI OLEHKM WIH HW3MEPEHHS
MapupyToB. Korma or mapmpyruszatopa K CETH HA3HAYEHMS CYIIECTBYET MHOTO
MapIIPYyTOB, U BCE OHHA MCHOJIb3YIOT OJMH IIPOTOKOJ MAPIIPYTU3ALMH, TO MapLIPYT C
HaVMEHBIIEH METPUKON PACCMATPUBAECTCA KaK Jydliui. Eciy nenosb3yroTes pa3Hble
MPOTOKOJBl ~ MapUIpyTH3allMM, TO JUI1 BbIOOpa MapuipyTa HMCHOJIb3YeTCA
aIMUHHACTPATUBHBIE PACCTOSHHUSI, KOTOPbIE HA3HAYAKOTCA MapLIPyTaM ONEPALMOHHOU
cucremor mapupyruzaropa. RIP wmcmone3yer B KadecTBE METPUKH KOJIMYECTBO
Mepexo0/10B (XOMOB).

JIMCTaHIMOHHO-BEKTOpHAs MapuIpyTu3anusi Oa3upyeTcss Ha alropuTMe
benmana-®opna. UYepe3 omnpenen€éHHbIE MOMEHTbI BPEMEHU MAapIIPYyTHU3aTOP
nepenaéT CoOCeAHUM MapIIpyTU3aTOpaM BCIO CBOIO TaOIMIly MapuipyTu3anuu. Takue
npocteie npoTokonasl kak RIP u IGRP mpocto pacnpoctpassitor mHpopmMamuio o
Ta0NMIIAX ~ MapUIpyTOB  4epe3  Bce  MHTepdeiichl  MapHipyTu3atopa B
IIMPOKOBEIIATEIbHOM PEXHME 0€3 YTOYHEHHS] TOYHOIO aJpeca KOHKPETHOIO
COCEIHEr0 MapLIpyTU3ATOPA.

CocenHuii  MapuipyTHU3aTop, IOdy4yas  I[IMPOKOBEIIAHWE, CpPABHUBAET
uH(pOpMAIIMIO CO CBOEH Tekymield Tabnuiueld wmapmpyTtoB. B Heé mobammstorcs
MapupyThl K HOBBIM CETSM WJIM MapUIPYThl K M3BECTHBIM CETSIM C JIy4IleH
MeTpukou. [IporcxoauT yaajieHre HECYIIECTBYIOMMX MApIIPYTOB. MapmipyTuzaTop
n00aBIIIET CBOM COOCTBEHHBIE 3HAYCHUS K METPHUKaM TOJYYEHHBIX MAapUIPYTOB.
HoBas Tabmuma wmapmpyTu3aiiid CHOBa PacHpoOCTpaHSETCs IO COCEIHUM
MapuIpyTHu3aTopam

Hacrpoiika nporokosa RIP.

Co3zpaiiTe cxeMy, Ipe/ICTaBICHHYIO Ha puc.6.1.
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2950-24 2950-24
Switch1 Switch2

Pucynok 5 - Cxema cetu

Ha cxeme npencraBieHsl CIEIyIOUINE TPU CETH:

Switchl — cets 10.11.0.0/16.

Switch2 — cers 10.12.0.0/16.

Cetsb st poytepos - 10.10.0.0/16.

BBenuTe Ha ycTpoiicTBax ClIEAYIOLIYIO aIpecaluio:

MapipyTi3aTopsl UMEIOT 1O ABa UHTEpdeiica:

Routerl —10.11.0.1/16 u 10.10.0.1/16. Router2 —

10.10.0.2/16 n 10.12.0.1/16.

[1IK11 - 10.11.0.11/16 .

[1K12 - 10.12.0.12/16 .

IIpoBenem HacTpoliky nporokona RIP na mapmpyruszarope Routerl.

Boiligure B KOHQUrypalud B KOHCOJb pOyTE€pa M BBINOJHUTE CIEIYIOIINE
HACTpOIKH (IIpU BBOJE KOMaH/ MacKy MOJACETH MOKHO HE yKa3bIBaTh, T.K. OHA OyZeT
OpaTbcst aBTOMAaTHUECKH M3 HACTpOEK uHTepdeiica poyTepa):

Boiaure B npuBUIETUPOBAHHBIA PEKUM:

Routerl>en

BoliguTe B pe:xuM KOHPUTYpaIuu:

Router1>#conf t

BoiiguTe B pexxum KoHPUrypupoBanus npotokosa RIP:

Routerl(config)#router rip

[ToaKIIOYNTE KIMEHTCKYIO CETh K POYTEPY:

Router1(config-router)#network 10.11.0.0
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[TonkmrounTe BTOPYIO CETh K pOYTEPY:

Routerl(config-router)#network 10.10.0.0

3ajaiiTe UCIOIB30BaHUE BTOPOM Bepcuu MpoTokoia RIP:

Routerl(config-router)#version 2

Brritnure u3 pexuma koHGUrypupoBanus mporokosa RIP:

Router1(config-router)#exit

Briiigure n3 KOHCOIM HACTPOEK:

Routerl(config)#exit

CoxpaHuTe HaCTPOUKH B IaMSITh MapUIpyTHU3aTOPA:

Router1>#write memory

AHQJIOTMYHO MPOBEINTE HACTPOUKY NpoTokosia RIP Ha mapmpyTuszaTope
Router?2.

[TpoBepwTe cBs3b Mex 1y KommbioTepamu I[TK11 n I[TK12 komanmoii ping.

Ecnu cBsI3b ecTh — BCe HACTPOMKU CJIETIaHbI BEPHO.

Hacrpoiika nporokosa RIP B kopnopaTuBHO# ceTH.

Co3zpaiiTe cxeMy, IPEJICTABICHHYIO Ha puUC.6.

192,168.1.100 192,168.2.100

e _ .
- D \ /* JER—
PC-PT 192,168.2.1 - =T s

5C0 SN 192.168.11 - RC B

oz, 192.168.100.1 Y
Ve | ——— — — — — — — ) e
-~ 2811 T T "'\\\
”~ Router2 Routerl ~
// i "

Cr@' 172-20.20.1 10.10.10.1 (‘iﬁ
PC-PT pori

PC1

172.20.20.100 10,10, 10,100

Pucynok 6
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Hacrtpoiite mapmpytuzanmto o nporokoiry RIP Ha kaxxnom u3 poyrepos.

J1i1s1 aTOTO:!

1 - HacTpo#TEe BCe MapIIPyTU3ATOPHI, KaK ATO OBLJIO MOKa3aHO B TaOOpPaTOpHOH
pabote Neb;

2 — IpOBEPHTE HACTPOUKY MapIIPYTU3ATOPOB MO TAOJIUIIE MAPIIPYTU3ALIUH.

Yro6sl yOeaAuThCsS B TOM, YTO MapIIPyTU3aTOP ACUCTBUTEIHHO MPABUIBHO
CKOH-

durypupoBan u paboTaeT KOpPpeKTHO, mpocMmoTpute Tabmuiry RIP poytepa,

HCTIONB3Ys KOMaHly show cieayronum oopa3om:

Router#show ip route rip

JanHas Tabnuila nokassiBaeT, 4To K ceTu 21.0.0.0 ecTh 1Ba myTH: uepes
Router4 (cets 81.0.0.0) u yepe3 Router3 (cets 61.0.0.0).

[IpoBeanTe TMarHOCTUKY CETH:

1 — mpoBepbTE MPaBMUILHOCTH HACTPONKH C MMOMOIIIBIO KOMaH1 Ping u tracert B
KOHCOJIA KOYKJIOTO KOMIIBIOTEPA;

2 — IPOBEUTE Ty K€ TUATHOCTHKY CETH MPU BHIKIIOYCHHOM MapIIpyTH3aTOpe
Router6.

3 - TpoBepbTE CBA3b MEXKAYy KoMmmbioTepamu ¢ aapecamu 12.0.0.12 u
13.0.0.13.

KonndecTBO MpOMEXKYTOUHBIX POYTEPOB IPU NPOXOXKAECHUM NAKETa IO CETH
Ipy BKJIIOYEHHOM M BBIKIIIOUEHHOM poyTepe 6 MODKHO ObITh pa3HbeiM. [lpu

BKJIIOUeHHOM Router6 JOJDKHO OBITH Ha CAWHNIY MCHBIIIC, YCM IIPU BBIKIIFOUCHHOM.

IIpoToK0/IbI COCTOAHUSA CBA3M.

OTH MPOTOKOJBI MPEJIAraloT YUy MacIITA0UPYEMOCTh U CXOJIMMOCTH IO
CPaBHEHUIO C JAUCTAHIIMOHHO-BEKTOPHBIMHU MpOTOKOJaMu. PaboTa mMpOTOKOJIOB
O0aszupyeTcs Ha anroputMme JIeMKCTphI, KOTOPBIM YacCTO HA3BIBAIOT AJTOPUTMOM
«KpaTyadmui myth — mnepBbIM» (shortest path first SPF)). HaubGonee tunudabiM

npeacraButenem spisietcs mpotokon OSPF (Open Shortest Path First).
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Mapupytuzatop OepET B pPacCMOTPEHHE COCTOSHHUE CBSI3M HHTEpQeiicoB
APYTUX MapHIPyTU3aTOPOB B CETH. MapHipyTH3aTOp CTPOUT MOJHYIO 0a3y JaHHBIX
BCEX COCTOSIHUUM CBSI3M B CBOEH 00JacTH, TO €CTh UMEET JOCTATOYHO HMH(OpMALNUU
JUISL CO3JAaHMsI CBOEro OToOpakeHHs ceTu. Kaxaplii MapmpyTus3aTop 3aTem
CaMOCTOATENIbHO BbINOJHSAET SPF-anroputM Ha cBOEM COOCTBEHHOM OTOOPa)KEHHH
CeTH WM 0a3e NaHHBIX COCTOSHHMI CBA3M JUISl OMPEIETIEHUS JTyYIlero myTy, KOTOPbIN
3aHOCHUTCS B TaOJHIy MapIIPYyTOB. DTH MYTU K JPYTHUM CETSIM (POPMHUPYIOT JEPEBO C
BEPUIMHON B BUJE JIOKAJILHOTO MapIIpyTH3aTOPA.

MapumpyTu3aTopbl ~ M3BEIIAOT O  COCTOSHUM  CBOMX  CBSI3€d  BCEM
Mapuipytusatopam B oOnactu. Takoe wu3BemnieHue HasbiBalor LSA  (link-state
advertisements).

B OTJINYUE oT JUCTaHIMOHHO-BEKTOPHBIX MapIIpyTU3aTOPOB,
MapIIPyTU3aTOPbl COCTOSIHUS CBSI3U MOTYT (POPMHUPOBAThH CIIELHUAIbHBIE OTHOIIECHUS
CO CBOUMH COCESIMHU.

HNmeer MecTto HavanpHbIM HamibiB LSA makeTroB [uisi MOCTpOEHUs Oasbl
JaHHBIX COCTOSIHMI CBs3U. Jlajgee OOHOBIEHHE MApHIPYTOB MPOU3BOAUTCSA TOJIBKO
IIPU CMEHE COCTOSIHMI CBSI3M WJM, €CJIM COCTOSIHUE HE H3MEHWIOCh B TEUYECHHE
ONnpenen€éHHOro WHTEpBaia BpeMeHU. EciM cocTosiHue CBSI3M M3MEHUIIOCh, TO
YacTUYHOE OOHOBJICHHE IepechbliaeTcs HeMeieHHO. OHO  COAEPXKHUT TOJBKO
COCTOSIHUS CBSI3€H, KOTOPbIE U3MEHUIKCh, @ HE BCIO TAOJIMILYy MapILIPyTOB.

AIMUHHCTpATOp, 3a00TALIIMICSA 00 UCTIOJIB30BAaHUU JIMHUHN CBSI3U, HAXOJUT 3TH
YaCTUYHbIE W peakue OOHOBIEHUs A(PPEKTUBHON aTbTEPHATHBOM IUCTAHLIMOHHO-
BEKTOPHON MaplIpyTH3aluu, KOTOpas mnepenaér BCio TAaOJIMIly MaplIpyTOB 4depes
peryJspHbIe MPOMEXKYTKH BpeMeHU. [IpOTOKOJIBI COCTOSHUSA CBSI3U UMEIOT Oosee
OBICTPYIO CXOAMMOCTb U JIy4dIlIe€ HCIIOJIb30BAHUE TIOJIOCHI MPOIMYCKaHUSA IO
CPaBHEHUIO C JUCTAaHLUMOHHO-BEKTOPHBIMU MpOTOKOJaMu. OHM MOpPEeBOCXOMST
JUCTAaHLIMOHHO-BEKTOPHBIE MPOTOKOJIBI JIJIs1 CETel JIIOOBIX Pa3MepOB, OJJHAKO UMEIOT
7IBa TJIaBHBIX HEAOCTATKA: MOBBIIIEHHbBIE TPEOOBAHUS K BBHIUUCIUTEILHON MOIIHOCTH

MapaIpyTu3aTOpOB U CIIOKHOC A/IMUHUCTPUPOBAHHC.



101

Hacrpoiika nporokosa OSPF.

Bo3bpmuTe cxemy ceTu, NpeCTaBIEHHYIO Ha puc 6.

[IpoBenem HacTpoliky nporokona OSPF Ha mapuipytuzarope Routerl.

BoiinuTe B kKoH(Urypainu B KOHCOJb POYTEPA U BHITIOJIHUTE CICAYIOIINE
HACTPOWKH (TpU BBOJIE KOMaH]I MAacKy MOJICETH MOKHO HE YKa3bIBaTh, T.K. OHA OyIeT
OpaTbcst aBTOMAaTHYECKH M3 HACTpOeK uHTepdeiica poyTepa):

Boiinure B IpUBUIIETUPOBAHHBIN PEKUM:

Switch>en

BoiinuTe B pexxuM KOHPUTYpaIuu:

Switchl#conf t

BoiinuTe B pexxum koHpurypuposanus npotokosna OSPF:

Routerl(config)#router ospf 1

B xomanne router ospf <unentudukarop mpoiiecca> 1oj UAeHTUGUKATOPOM
mpouecca MOHUMAETCA YHUKAJIBHOE YMCIOBOE 3HAYEHUE UL Ka)KJIOro IMpolecca
pOyTHMHra Ha Mapupytuzatope. JlaHHOoe 3Ha4YeHHE JOHKHO OBITh OOJbIIEe B
untepBasie ot 1 go 65535. B OSPF nmpoueccam Ha poyTepax OJHOW 30HBI MIPUHATO
MPUCBAUBATh OJIUH U TOT e UACHTU(DUKATOP.

[TonkmrounTe KIMEHTCKYIO CETh K pOyTEpy:

Routerl(config-router)#network 10.11.0.0

[TonkmrounTe BTOPYIO CETh K pOyTEPY:

Router1(config-router)#network 10.10.0.0

3apaiiTe ucnoiab3oBaHue BTopoit Bepcuu mpotokos OSPF:

Router1(config-router)#version 2

BriiinuTe u3 pexxuma koHburypuposanus npotokona OSPF:

Routerl(config-router)#exit

Brrvianre 3 KOHCOJIM HACTPOEK:

Routerl(config)#exit

CoxpaHuTe HaCTPOUKH B TaMSITh MapIIPyTHU3aTOPA:

Switchl#write memory
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AHanornuyHo mnpoBeauTe HacTpouky mnpotokoia OSPF na mapmipytuzatope
Router?2.

KoHTposibHbIE BONPOCHI:

1. [MosicHUTH IPUHIUTT PAOOTHI MAPIIPYTU3ATOPA.

2. B uem npeumyiiecTBa CTaTUUECKON MapIIPyTH3AIUH?

3. laifTe XxapakTepUCTUKY NTapaMeTpaM CTaTUIECKOM TaOIUIIbI
MapuIpyTU3anuu?

4. Kakyro U3 yKa3aHHbBIX HI)KE€ KOMaH]l MOKHO BCTPETUTH B UHTEpderice
KOMAaHJTHOHM CTPOKH MapIIpyTH3aTopa, HO He KoMMyTaTtopa?

- komana cloc rate;

- koMaHj1a ip address macka anpec;

- komana ip address dhcp;

- komana interface vlan 1

5. Uem otnuvaroTcs uHTEpGEnchl KOMaHIHON CTPOKH MapIIpyTU3aTopa u
KoMMyTaTopa komrnanuu Cisco?

6. Kakas u3 ykazaHHBIX HKE KOMaH/[ HE TTOKa)KeT HacTpoiiku IP-aapecoB u
MacoK B yCTpOKCTBE?

- show running-config;

- show protocol Tum Homep;

- show ip interface brief;

- Show version.

7. Ilepeunciute OCHOBHBIC (DYHKIIMHM MapIIPyTHU3aTOPa B COOTBETCTBHH C
ypoBHsiMH Mozenu OSI.

8. IlpuBenuTe KiIaccuPpUKAUIO MAPIIPYTU3ATOPOB TIO 00JIACTSAM MPUMEHEHHUS.

9. llepeuncnuTe OCHOBHBIC TEXHUYCCKUE XapaKTEPUCTHKU MapIIPyTH3aTOPOB.

10. TlpuBenute nepedeHb MPOTOKOJIOB MAPIIPYTH3AIIUN U JANTE UM KpaTKue
XapaKTECPUCTHKH.

11. ITpuBenuTe nepeveHb NOAECPKUBAEMBIX MAPIIPYTU3ATOPaMU

UHTEPPENCOB AJIs1 JOKAIBHBIX U TJI00aTBHBIX CETEN U ONPEEINTE UX Ha3HAYEHHE.
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12. B uem paznuynie MEXKAY TOMOJIOTHYECKON U TUCTAHIIMOHHO-BEKTOPHOU
MapupyTh3anuen?

13. Onumute cxemy paboTsl mpoTokosna RIP.

14. Onummte cxemy padoTsl mpotokosia OSPF.

15. Ilepeuncnure OCHOBHBIE ATAIlbl YCTAHOBKH MapIIpyTU3aTOpa.

16. OnuiuTe yeThbipe 3Tama 3arpy3ku MappyTu3aTopa.

17. Kakue U3 yKa3aHHBIX HIWKE€ NPOTOKOJIOB PabOTalOT MO JUCTAHIMOHHO-
BEKTOPHOMY aJTOPUTMY U KAKOBBI MX OCHOBHBIC Pa3In4Ms?

- RIP;

- IGRP;

- EIGRP;

- OSPF.

18. JlaiiTe XapakTepuUCTUKY KJ1accaM IPOTOKOJIOB MapUIPyTU3AIIH.

19. [IpuBeaute kIaccupUKAILIMIO TPOTOKOJIIOB MAPIIPYTH3AIUN HA OCHOBE

ITOPUTMOB UX PAOOTHI.

Cnucok nuTepaTyphl:

1. Manun A.A. Cuctembl KoMMyTanuu. [IpUHIAIBI U TEXHOJIOTUHU TAKETHOU

KOMMyTaluu. ¥Y4yeOHoe nocooue.— Pocros-na-Zlony: CK® MTYCH, 2014. — 108 c.

IIpakTuyeckoe 3aHsaTHe NeS. HccienoBaHnue BO3MOXKHOCTEH padOTHI

npotokosia NAT Ha mapupytuzatope Cisco.

Henv pabomwr: ViccnenoBaHue CBOWCTB M OCOOEHHOCTEH PabOTHI CETH TPH
HacTpoiike npoTokojia NAT. TlonyuuTh HaBBIKM KOH(MUTYPUPOBAHHS MPOTOKOJIA
NAT na mapupytuzarope Cisco.

3aoanue. IlpomsBectn mnocTtpoenue ceru. Hacrpoute DHSP cepBep ¢
yKa3aHHbIMM TapameTpamu. HacTtpouts paboty cayx06e1 NAT. IIpoussectu

yIanéHHoe MOJKIII0UEeHHE K BEO cepBepy.
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Conep:xanue padoThl

Texnonorus TpaHcasanuu ceTeBbIx aapecoB — Network Address Translation
(NAT). NAT muMpoKO HCHOJB3YETCSI B COBPEMEHHBIX CETSAX M0 CICAYIOIIUM
npuynHaM. Bo-miepBbIX, yke ceituac HaOmogaercs aedunut IP-aapecos yeTBeproit
Bepcud. KapauHanpHBIM pEHIEHHWEM 371eChb MOXKET CIYXKWATh MEPEXOJ K IIECTOU
Bepcuu IP-mporokosia, HO TMOKa TOBCceMecTHO wucnoasdyercs I[Pv4. Ilpu
ucrnonb3oBanuu NAT B nipefienax BHyTPEHHENW CETH MOTYT UCHOJIb30BATHCS YACTHBIE
ajpeca, O KOTOPBIX YK€ IIJIJa pedb B TPETbEW TIJ1aBe HACTOSIIET0 IOCOOUs.
[IpeoOpazoBaHKe YaCTHBIX aJAPECOB B OOIIEAOCTYITHBIE U OOPATHO OCYIIIECTBIISETCS C
rucnosib3oBaHuem Mnporokosa NAT. OmHu W Te K€ 4YacTHbIE aapeca MOTYT
HCIIOJIL30BAThCS B PA3JIMYHBIX KOPIOPATUBHBIX CETAX, YTO U MPUBOJIUT K SIKOHOMHUU
aJpPECHOTO ITPOCTPAHCTBA.

Bo-Bropbix, NAT cymecTBeHHO NOBBIIAET O€30MAaCHOCTh KOPHOPATUBHOMN
CEeTH, TaK KaK B 3TOM CJIy4ya€ H3BHE CETh MPEICTABISACTCA E€IUHCTBECHHBIM WU
HECKOJIBKUMH OOIEIOCTYIIHBIMU ajipecaMu. [loaToMy oOmpenenuts CTPYKTYpy
KOPIIOPAaTUBHON CETH, IPOAHAIU3UPOBATHh JaHHbIE, UUPKYJIUPYIOLIME B HEW,
CTaHOBUTCS TPOOIEMATUYHO.

OcHoBHast upges texHonorun NAT cocroutr B cienyromeMm. BHyTpeHHss
KOpIIOPATUBHAS CETh MCIIOJb3YET aAPECHOE MPOCTPAHCTBO YACTHBIX aapecoB. B
MAapIIPYTU3ATOPE WU JIPYrOM YCTPOMCTBE, CBS3BIBAIOIIEM BHYTPEHHIOK CETh C
BHemHel [P-ceTbto, HacTpaumBaetrcsi mnpoTokon NAT, ocCylecTBASIOMMN TpU
nepenaye BO BHEIITHIOK CETh MTpeoOpa3oBaHue YaCTHOTO aJipeca B OOIICAOCTYITHBINA U
oOpaTHOe mpeoOpa3oBaHUE MpHU MpueMe. Tak Kak BHYTPEHHsISI CETh TaKXe MOXKET
COJIepKaTh MAPIIPYTU3ATOPhl JUIsl pa3ACJICHUsI €€ Ha IMOJCETH, OHHU JIOJHKHBI
MOJTy4aTh OOBSIBIICHHUS O MApUIPYTHON MH(OPMAIIUK OT MApIIPYTU3ATOPOB BHEITHEH
cetu. B cBOI0O ouepenb, BHENIHHUE MApUIPYTHU3ATOPHl HE JIOJDKHBI HAYETO 3HATH O
Mapuipytu3aropax BHyTpeHHerd cetu. I[lostomy NAT-ycTpoCTBO JOJIKHO
MpOIyCKaTh W3 BHENIHEH CEeTH BO BHYTPCHHIOIO COOOIICHUS TIPOTOKOJIOB
mapmpytuzaiuu (RIP, OSPF u 1.1.), HO HE pOMyCcKaTh 3TU COOOIICHUS B 0OpaTHOM

HarpaBiaeHuU. Yucio o01e0CTymHBIX apecoB Yalle BCETO MEHBIIE YHCIIa YACTHBIX
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aZpecoB, 3a CYET YEro M JIOCTUTaeTcs HKOHOMHS agpECHOrO MpOCTpaHCTBa. B
YaCTHOM, HO JAJIEKO HE CAMOM PEIKOM CIIy4yae, MOXKET UCIIOIb30BAThCA BCETO OAUH
oOIIeIOCTYNIHBIM  ajapec, HacTpauBaeMbli Ha  BHemHeM  1nopty  NAT-
MapIIpyTU3aTOpa.

PaccmoTpum  cHawanma Hambojee TIPOCTOM Clydaid, KOrja KOJMYECTBO
KOHEYHBIX Y3JIOB BHYTPEHHEH CETHM PAaBHO KOJMYECTBY OOIIETOCTYIHBIX aJIpECOB,
MOJIYYCHHBIX IAHHOM CEThIO OT MpOBaiiJiepa CETEBBIX YCIyT (PUCYHOK 1).

Ha pucyHke mnpencraBiieHbl JBe€ BHYTPEHHHE CeTH, 00O3HaueHHble A u B,
CBSA3aHHBIE MEXKIY COOOM Yepe3 OOIIeIOCTYIHYIO ceTh. BbIXOJ U3 BHYTpPEHHEW ceTh
B OOIIENIOCTYIIHYIO OCYIIeCTBIsIeTcsl ¢ ucnojb3oBanueM NAT-ycTpoiicTBa, B
Ka4eCTBE KOTOPOTO MOXKET UCIIOIb30BaThCA MAPLIPYTU3ATOP UM MEXKCETEBOU dKpaH
C YCTaHOBJIEHHBIM mporpaMMmHbIM oOecnieueHueM NAT. B  nanHoMm mnpumepe
[I0JIara€éM, 4TO BHYTPEHHSS aJpecanusi KaXJA0oW M3 CETeH OJMHAKOBa, TO €CTh U B
cetu A, 1 B ceTd B MoryT OBITh y3I1bl C OJJMHAKOBBIMU YacTHBIMU [P-anpecamu

(192.168.1.1 B manHHOM IpUMeEDE).

BnyTpenHss Baytpennss
ceTh A Ob6menocTynHas ceTh B

CCTh

&

80.254.97.169 213.180.208.102

\

192.168.1.1 192.168.1.1

Pucynox 1 — I[Ipocreimmii caydait ucnosb3zoBanust NAT
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Buemnue ampeca NAT-ycTpoOMCTB  SBIAIOTCS — OOIIETOCTYITHBIMU W,
COOTBETCTBEHHO, YHUKAJIbHBIMHU.

[Tpenmonoxum, 4ToO KOHEYHBIN y3€J BHYTPEHHEU ceThu A coOHupaeTcs 1mociarthb
[IAKeT JAHHBIX KOHEYHOMY Y31y BHyTpeHHen cetu B. B kaudectBe [P-anmpeca
noyyvarelsis B nakere ykasbiBaerca aapec 213.180.208.102, n makeT nepenaercs Ha
MapIIpyTH3aTOp BHyTpeHHeW cetu A. Kak ykaspBaJoCh BbIIIE, BHYTPEHHHUE
MapIIpyTU3aTOPbl TOMYYarOT YBEJOMJICHUS O MapuipyTHOM uHopManuu u3
BHEILIHEW CETH, MOATOMY BHYTPEHHHUI MapIIPyTU3aTOpP CETU A «3HAaeT» O MaplIpyTe
K aapecy 213.180.208.102, B Hamiem nmpuMepe 3TOT MapuIpyT npoJieraet yepe3 NAT-
ycTpoiicTBo. COOTBETCTBEHHO, NakeT nomnajnaer Ha NAT-ycTpoiicTBO, coelnHAronIee
BHYTPEHHIOIO CE€Th A C 00ILEOCTYITHOM CETHIO.

OnHako B MakeT JOKEH ObITh moMelleH Takxke u [P-ampec ormpaBurens.
Koneunslii y3en cetu A momemnaer B naket cBoil aapec — 192.168.1.1, u 3ToT maker
0e3 kakux-nmbo nu3MeHenuii gocruraetr NAT-ycTpolictBa cetu A. B cBoro ouepensp,
NAT-ycTpolCTBO JOJKHO TOJIMEHHUTH ajapec ucrtouHuka 192.168.1.1 nHa cBoi
obmenoctynueiii  agpec 80.254.97.169 (TouHee, Ha aapec CBOETO BHEIIHETO
uHrepdeiica). OTa MOAMEHA OCYIIECTBISETCS C HCIOJIb30BaHUEM TaOJUIIbI,
xpansauencsa B mamsatid NAT-ycTpolcTBa, yIpOIIEHHbIA BUJ KOTOPOM ITPEACTABIIEH B

tabuue 1.

Ta6muma 1 — CooTBETCTBHE YAaCTHBIX M OOIIETOCTYITHBIX aIpPECOB

YacTtHblil agpec OO01IeI0CTYITHBIN aJIpec

192.168.1.1 80.254.97.169

O4eBUIHO, YTO KOJMYECTBO oOmenoctynHeix aapecoB y NAT-ycrpoiicTBa
JOJDKHO COOTBETCTBOBATH KOJIMYECTBY Y3JI0B BHYTPEHHEM CETH, MMEIOIIUX I[paBa
JIOCTYIIa BO BHEILHIOK CETh.

[TakeT ¢ U3MEHEHHBIM aJapecoM UcToyHuKa gocturaet NAT-ycrpolictBa cetn

B, KoTOpOo€e XpaHUT B CBOEH MaMATH aHAJIOTUYHYIO TabIuIy 2.
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Tabnuia 2 — CoOTBETCTBHE YACTHBIX U OOIIEAOCTYITHBIX aJpeCcOB

YacTHbll agpec OO011eI0CTYITHBIN asipec

192.168.1.1 213.180.208.102

[TpunsiB nanubiii maketr, NAT-ycTpolicTBO ceTu B U3MeHsieT aapec nosydaresst
B MIAKETE B COOTBETCTBUU € Tabsuuei 2, To ectb aapec 213.180.208.102 n3mensercs
Ha azapec 192.168.1.1. BugousmMeHEHHbII TakMM O0pa3oM IMAaKET IepeAaeTcsl Ha
BHYTPEHHHUI MapIIPyTU3ATOP CETU B 1 B KOHEUHOM HUTOTE JOCTUTAET HYKHOTO y3Ja.

B ugactHOM ciyuae, koraa cetb B He ucnonb3yet TexHosioruto NAT, naker
nepenaercs B y3ei cetu B 0e3 usMeHeHui.

PaccMmotpennsiii mpumep wucnonb3oBanuss NAT uMeeT psj CyIIeCTBEHHBIX
HEJIOCTATKOB.

Bo-nepBbIX, 3KOHOMHMHM aApECOB B JAHHOM ClIyya€ HE IPOUCXOAUT —
BHYTPEHHHE a/ipeca KECTKO 3aKpeIICHbI 32 00IIEAOCTYIMHBIMU aipecamMu B TaOIUIIax
NAT-yctpotictB. [loatomy B 3TOoM Buje NAT MOXKeT HCIOIB30BATHCS TOJBKO JIJIS
MOBBIIIEHHS 0€30MTaACHOCTHU CETH.

Bo-BTOpBIX, 3anucu B TaONMUIly B IAHHOM CJIy4dae SIBJISIIOTCSI CTATUUYECKUMHU, TO
€CTh HMX HEOOXOJMMO BHOCUTH BpPYYHYIO, YTO TPHU 3HAYUTEIHHOM KOJIMYECTBE
BHYTPEHHHUX Y3JIOB SIBJIACTCS TPYAOEMKOM TPOIETYypOH, MOIBEPKEHHON OIMUOKaM.
Onnako cienyeT 3aMeTUTh, YTO HMHOTJA cTatuueckue 3amucu B Taomuie NAT
HEOOXOJIMMBI, HANPUMEp, €CIU BO BHYTPEHHEU CETH UMEETCS CepBEp, K KOTOPOMY
HY>KHO 00€CIIeUnTh JOCTYI U3 BHEIIIHEH CETH.

CooTBeTcTBEHHO, paccMoTpeHHbl  Bbille NAT  momyunsn — Ha3BaHHE
cratuueckoro NAT.

Jlns mpeoiosieHrs yYKa3aHHBIX HEJOCTAaTKOB ObLI pa3paboTaH JUHAMUYECKHUI

NAT, cyTb KOTOPOTO paCCMOTPUM C MCIOJIb30BAHHEM PUCYHKA 2.
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192.168.1.2

192.168.1.3

80.254.97.

192.168.1.4

213.180.193.11

Pucynox 2 — Mmmtoctpanus pabotsl AuHaMudeckoro NAT

Ha pucynke npencraBieHa BHYTPEHHSIS CETh, UCIIOIB3YIOIIAsl YaCTHBIM aapec
192.168.1.0/24. BbIxoJ BO BHEIIHIOIO CETh OPraHU3yeTCs ¢ ucnoib3oBaHueM NAT-
yCTPOMCTBA, BHEIIHEMY HMHTEp(]eiicy KOTOpOro MpHCBOEH OOIIEIOCTYNMHBIA aapec
80.254.97.169. Heobxogumo oOecreynuTh BCEM YETHIPEM KOHEYHBIM y3JaM
BHYTPEHHEU CETH JOCTYI K BHEIIHEW CEeTU, B YaCTHOCTH, K Web-CepBepy ¢ ajpecom
213.180.193.11.

OueBuaHo, uTto cratndeckuii NAT s pemieHusi Takon 3aiauv HEIPUTOJICH,
TaK KakK JOCTYIl y3JI0B K BHEUIHEW CETU OCYIIECTBISETCS C KCIOJIb30BAHHEM
€IMHCTBEHHOTO BHEUIHEro ajpeca (Ha MpPAKTUKE BHEIIHUX aJpPECOB TAKKE MOKET
OBITh HECKOJBbKO, HO B JIIOOOM Cllydae KOJIMYECTBO BHYTPEHHHMX Y3JIOB MPEBBIIIAET
KOJIMYECTBO BHEIIHUX aJIPECOB).

[Ipu nepenaye naketa BO BHEIHIOW ceTh NAT-ycTpolCTBO MOKET MOJAMEHHUTh
YaCTHBIA aJpec OTIPABUTENS HA CBOW OOIIEAOCTYITHBIN ajpec, KaKk U B CTATHYECKOM
NAT. Opnako mnpu mnpueme T[aKeTa-OTBETa M3 BHEIIHEH ceTu Heo0X0IUMO
OTIPE/ICNIUTh, KAKOMY M3 BHYTPEHHHX KOHEUHBIX Y3JIOB 3TOT MAKET HY>KHO NepeaaTh.

Wnu, apyrumu ciioBamu, npu npuemMe HeoOXoauMO ONPeIeNIUTh, Ha KAKOW YaCTHBIN
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aZpec HYXHO H3MEHUTb OOLIENOCTYIHBIM aJpec Ha3HAueHUs, COACpXKAIIMUWCA B
orBeTHOM [P-makere.

Takum oOpazom, At HAJIEKHOTO PA3NUYCHHUS MPUHUMaeMbIX MakeToB NAT-
yCTpoHCcTBOM HeoOxoauma, nomumo IP-agpecos, pononHutensHas uHpopmanus. B
KauyecTBe Tako WH(OPMALIUKA MOKHO UCTOIB30BaTh HOMepa noptoB TCP- numun UDP-
CEerMEHTOB, epeHocuMbIX [P-makeTamu. OgHAKO B HaIEM MIPUMEPE BCE YETHIPE y3J1a
MOTYT OOpaTHThCS C 3ampocoM K web-cepepy ¢ ampecom 213.180.193.11, oTBeTs
KOTOpOro OyayT mMeTb oAuH U TOT ke HoMep mopta 80 mmm 8080. Ilostomy B
JAHHOM CJIy4ae MCIOJIB3YIOTCS TaK Ha3blBa€Mble Ha3HAYEHHbIE HOMEpa IOpToB. B
KauyeCTBE HA3HAYCHHBIX IIOPTOB HCIIOJIB3YIOTCS IOPTHI MCTOYHHKA, KOTOPBIM B
npoluecce Iepefadyd IPHUCBAMBAKOTCA 3HAYCHUS, HE CTaHAAPTU3UPOBAHHBIE B
nporokosiax TCP u UDP. HazHaueHHBII HOPT MOKET OBITh BHIOpAH MPOU3BOJIBHO, HO
C YYETOM TOr'0, YTO OH JIOJDKEH ObITh YHUKAJIEH B MpeJienaX BHYTPEHHEN CETH.

B cootBercTBUM ¢ 3THM Tabnuia NAT-ycTpoiicTBa yCI0KHSIETCA, B HEE
Tenepb JOJKHBI BXOAUTh HE ToJbKO [P-anpeca, HO 1 HoMepa nopToB (Tabauma 3.3).

[IocKOJIBKY ONMCaHHAas BBIIIE TEXHOJIOTHS HCHOJB3YET HE TOJBKO CETEBBIE
azpeca, HO M1 HoMepa NopToB, oHa noayunsia HazBanue NAPT (Network Address Port

Translation) [5].

Ta6muma 3 — CoOoTBETCTBHE aJIpeCOB U HOMEPOB ITOPTOB

YacTHbIl aapec [TopT Oo6wenoctynubiii aapec | HaznaueHHslil mopt
192.168.1.2 8080 80.254.97.169 61001
192.168.1.3 8080 80.254.97.169 61002
192.168.1.4 8080 80.254.97.169 61003
192.168.1.5 8080 80.254.97.169 61004

[Ipu nepenave nakera, Hanpumep, ot y3aa 192.168.1.2 k ceppepy riod6anbHOM
cetu ¢ agpecoM 213.180.193.11 B 3arosioBok makera B KaueCTBE ajpeca MorydaTelis
Oyner ykazan 213.180.193.11, B xauectBe HOMepa mnopta mojydarens — 8080. B

KauyecTBe ajipeca oTnpaButens Oyaer ykazan 192.168.1.2, a B kauecTBe HOMepa
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nopta otnpasutens — 8080. [Tocne mpuema storo makera NAT-ycrpoiictBom Oyaer
Mpou3BeAeHa MmojaMeHa azapeca oTnpasButens Ha 80.254.97.169, a Homepa mopta
otnpasutensa Ha 61001. Dta undopMalus AMHAMUYECKU 3aHOCUTCA B Tabiuity 5.3.

[Ipu nprieme oTBeTa OT cepBepa INI00ATbHON ceTH OYyJIeT BBHIIIOJIHEHO 00paTHOE
npeoOpa3oBaHue — ajpec nosydarens Oynaer 3ameHeH Ha 192.168.1.2. [Ipu »Tom B
KauecTBe HOMepa MopTa ModyyaTens OyleT yka3zaH Ha3HAYeHHBI MOPT, KOTOPHIU
CEpBEp YKAKET UCXO/ U3 HOMEpa MOPTa UCTOYHUKA NPUHATOTO cerMeHTa. [Ipu aTom
NAT-yCTpoHCTBO «IONMET», KaKOMYy U3 BHYTPEHHHMX Y3JIOB TNI€pelaTh MaKeT,
UCIIOJIb3Ys HOMEP Ha3HAYE€HHOIO MOpTa.

Eciu NAT-ycTpoiiCTBO HMEET HECKOJIBKO OOIIETOCTYIHBIX aapecoB (Mys
aapecoB), To Tabnmuna 5.3 BeaeTcs MTUHAMUYECKH, TO €CTh NpH Iepeaade Makera
3allOMHMHAETCS, HA KaKOW MMEHHO aJpec W3 Iyja OblUla OCYIIECTBIEHA MOIMEHA, U
naHHas WHQOpMaluUs 3aHOCUTCS TaOJMIly. DTU JIEUCTBHS, €CTECTBEHHO, SIBISIOTCA
a0COJIIOTHO TPO3PAYHBIMHU JIJIsl KOHEYHBIX Y3JIOB.

Paccmotpum Hactporiky npotokosia NAT mima npuMepa, npeacTaBICeHHOTO Ha
pucynke 3.2, momarasg, 4Yro B KadectBe NAT-ycTpolicTBa HCHOJIB3YyETCS
MapuipyTtuzarop Cisco.

[Ipennonoxkum, 4To B MapuIpyTHU3aTOpE, UCIOJIb3yeMOM B KadecTBe NAT-
ycTpoicTBa, nmopt ¢ aapecoMm 192.168.1.1 sBnsercs noprom fa 0/0, a mopT ¢ agpecom
80.254.97.169 — moprom fa 0/1 (HamoMHWM, YTO B YCTPOHCTBaX M MPOTPAMMHOM
obecnieuenun Cisco Systems fa o3nauaer Fast Ethernet). B tepmunonorun NAT nopt
fa 0/0 sBnsiercs BHyTpeHHHUM TopToM (inside), a mopt fa 0/1 — BHEmIHMM TOPTOM
(outside).

[TakeTsl, mpuOBIBaIOIINEe HA BHYTPEHHUM MOPT M MOMJICKAIIME Mepenade Ha
BHEILIHUHM MOPT, MOAJIeRKAT TpaHcaauuu B cootBeTcTBUM ¢ Source NAT (SNAT), To
ecTh moaMene nomiiexut [P-aapec ucrounuka (Source IP). [1akeTsi, mpuObIBatotme
Ha BHENIHUHN MOPT, TMOIJEKAT TPAHCISAIMH B cooTBeTCTBUHM ¢ Destination NAT

(DNAT), To ecth moamene noiexut [P-agpec nomydarens (Destination IP).
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CHauana HeoOX0IMMO CO3[aTh CIUCOK JIOCTyMa (MOApOOHEE CIUCKHU JOCTYyMa
OyayT paccMOTpeHBI B cieayromieM mnaparpade). s 3Toro B pexxume riao0aibHOTO
KOH(UTYPUPOBAHUS HEOOXOAMMO BBITIOJIHUTH CIACAYIONIYIO KOMaHy:

(config)# access-list 100 permit ip <agpec> <MHBEPTHPOBaHHAs Macka™> any

3aberas Briepes,, OTMETUM, YTO JAHHOW KOMAHJIOM CO3aH CIKCOK JIOCTYTIA C
HoMepoM 100, pa3pemmaronuii nepenaBaTh MaKeThl C aPECOM UCTOYHUKA,
yYKa3aHHOTO B KOMaHJE, Ha JIt00bIe ajipeca.

[Ty agpecoB co3iaeTcs Ha MapUIPyTU3aTOPE B pEKUME TII00ATBHOTO
KOH(pUTYpHpOBaHUS KOMAaHION

(config)# ip nat pool <ums> <HayanbHBIN aJpec™> <KOHEUHBII ajpec> netmask
<Macka>.

Ecnu, kak B HallieM mpuMepe, UCIIONIb3YETCsl €IMHCTBEHHBIN 00IIETOCTYITHBIN
aZpec, HaYAJIbHBIM U KOHEYHBIN aJjpeca B KOMaH/I€ COBNAAAOT.

3aTeM Ha3HayaloTCsl BHYTPEHHUE U BHELITHUE UHTEPPEICHI:

- (config)# interface fa 0/0;

- (config-if)# ip nat inside (outside).

Bxurouaercst NAT komangon

ip nat inside source list 100 pool <ums>.

Kondurypuposanue mapmipyruzaropa Cisco ¢ UCTIOIB30BaHUEM YKa3aHHBIX

KOMaH/ I Halllero mpumepa (PUCYHOK 2) peACTaBIICH Ha PUCYHKE 3.
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I0S Command Line Interface

[T INEFRO IO S OPDOWT . LINE PIOCOCOL O INCEL T FESCECIELNIEC Oy O, CIangey. scace. oo |
o up

RPouter {config-if)fint fa 0/1
Router {config-if)#ip addr 80.254.97.169 Z55.0.0.0
Router (config-if)fno shut

#LINK-5-CHANGED: Interface FastEthernet0/l, changed state to up

$#LINEPROTO-S-UPDOWN: Line protocol on Interface FastEthernet0/l, changed state t
o up

Router {config-if) faccess-list 100 permit ip 192.168.1.1 0.Z55.Z55.Z55 any
Router {config) #ip nat pool primer 80.254.97.169 80.254.97.162 netmask 255.0.0.0
Router {config) finterface fa 070

Router {config-if)fip nat inside

Router (config-if) finterface fa 0/1

Router {config-if)#ip nat outside

Router (config-if) fexit

Router {config) fip nat inside source list 100 pool primer

Router {config) "2

Routerf

$8YS-5-CONFIG_I: Configured from console by console

Pucynoxk 3 — KondurypupoBanue nunammyeckoro NAT

[Tocne Toro, Kak KakoW-TuOO M3 BHYTPEHHUX Y3JIOB OOMEHSETCS MaKeTaMH C

BHEIIIHEH CC€ThIO, MOXXHO 6YI[€T IMIPOCMOTPETb TPAHCIIAAINN aAPCCOB, IIPONU3BCIACHHLIC

NAT (pucynok 4).
b+ o
~
Pouter (config-if)faccess-list 100 permit ip 19Z2.168.1.1 0.255.255.255 any
RPouter (config) #ip nat pool primer 80.254.97.169 80.254.97.169 netmask Z55.0.0.0
RPouter (config) finterface fa 0/0
Router (config-if)#ip nat inside
Router (config-if)finterface fa 0/1
RPouter (config-if)#ip nat outside
Router (config-if) fexit
Router (config) #ip nat inside source list 100 pool primer
RPouter (config) 2
RBouterg
38YS-S5-CONFIG_I: Configured from console by console
Routerfshow ip nat translations
Pro Inside global Inside local Outside local Outside global
icmp 80.254.97.169:25 192.168.1.5:25 80.254.97.168:25 80.254.97.168:25
icmp 80.254.97.169:26 192.168.1.5:26 80.254.97.168:26 80.254.97.168:26
icmp 80.254.97.169:27 192.168.1.5:27 80.254.97.168:27 80.254.97.168:27
icmp S80.254.97.169:28 19Z.168.1.5:28 80.254.97.168:28 80.254.97.168:28
Routerf v

Pucynok 4 — Coucok TpaHCIsLIni
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Jns  Oonbiiedl HarjasgHOCTH TPOMU3BENEM OOpallleHHe ¢ BHYTPEHHEro
KOMITIbIOTEpa K Wweb-cepBepy, pacrojio)KeHHOMY BO BHEIIHEH CeTH MO ajapecy

80.254.97.168, 1 onsiTh BHIBEAEM CIIUCOK TPAHCISIIIUN (PUCYHOK 35).

Routerffshow ip nat translations
Pro Inside global Inside local Outside local Outside global
tcp 80.254.97.169:1025 192.168.1.4:10E5 80.254.97.168:80 80.254.97.168:80

Router ﬁl v

Pucynoxk 5 — Cnircok TpaHcasiuuii mociie oopaiieHust K web-cepsepy

N3 pucynka 5 crnemyer, 4To Oblla MPOUW3BEIECHA OJHA TPAHCIIAIMS,
uH(pOpMaIKs 0 KOTOPOH MPEACTaBlIeHA B YETHIPEX KOJOHKAX.

[lepBas KOIOHKA yYKa3bIBa€T HA TPAHCIOPTHBINA MPOTOKOJ, B HAIIIEM CITydae 3TO
TCP.

Bropas komonka (Inside global) ykassiBaer Ha coker (IP-agpec u HOMep
1opTa), Ha KOTOPBINA MOAMEHSETCSI COKET OTIPABUTEIIS.

Tperbst kononka (Inside local) ykaseiBaeT Ha BHyTpeHHuid [P-ampec
OTIIPaBUTEIIS C HA3HAYEHHBIM HOMEPOM TOpTa.

UYetsepTtas kononka (Outside local) yka3piBaeT Ha COKET y3i1a Ha3HAYEHUS BO
BHEIITHEH CeTH, KOTOPBIN CPOPMUPOBAH BHYTPEHHHUM Y3JIOM-OTIIPABUTEIIEM.

[Taras womonka (Outside global) ykassiBaeT Ha [P-ampec m HOMep mopra,
UCIIOJIb3yeMbl€ BO BHEIITHEH CETH.

Takum o0pazom, U3 pucCyHKa 3.5 cleayeT, 4TO BHYTPEHHHUH Y3€ll C aipecom
192.168.1.4 namnpaBnser makeT web-cepBepy ¢ ampecom  80.254.97.168.
CooTtBeTcTBeHHO, [P-ampec n HOMep mopTa moJrydaress, yKa3aHHbIC B MTaKeTe:

80.254.97.168:80 (mamomuum, yto s mporokona HTTP wucnonsiyrorcs
noptsl 80 u 8080).

IP-anpec u mopT UCTOYHKKA B 3TOM XKE MaKeTe:

192.168.1.4:80 .

[Ipu mepenaue makera BO BHEIIHIOK CETh MapLIPyTU3aTop noamenser IP-

aZpec U MOpT UCTOYHMKA!
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80.254.97.169:1025.
COOTBETCTBEHHO, TIpU NPUEME OTBETHOIO MAaKEeTa OT CEpBEpa COKET
80.254.97.169:1025 Oyaet u3meneH Ha 192.168.1.4:80, u makeT MOJy4YUT HY>KHBIN

y3eJ]1 BHYTPEHHEH CeTH.

3aganue:

1 ITocTpouTk CETh, CTPYKTYypa KOTOPOU OMPENEIAETCS MPETOIaBATEIEM.
2 Y CcTaHOBUTH BHEIIHUI WWW-CEPBED.

3. HacTtpouts Ha MapmpyTu3aTope CTATUUECKYIO MapIIPyTU3ALHIO.

4 Hactpouts Ha mapuipyTuzarope nuHamudeckuii NAT.

S. OcyiiecTBUTH OOpallieHre K BHEITHEMY CEpBEPY, MPOCMOTPETH U

IMPpOaHAIIM3NPOBATH CIIMCKH TpaHCJBII_IHﬁ CCTCBLIX aAPCCOB.

KoHTpoapHBIE BOITPOCHL:

1. OnuimTe Bce BO3MOXKHBIE CXeMbl pa0oThI c1y>KObI NAT.

2. Kakue yactasie [P agpeca ncnonb3yrores ciayk6oit NAT B kaxaoMm kiacce
aspecoB?

3. Ilepeuncnute npeumMyIecTBa U HeA0CTaTKH CIIy>kOb1 NAT.

4. Ilepeuncnute 3Tanbl HACTPOUKH ciIy>KObI NAT.

5. Onummre cxeMy NpoBepKU padoThI ciry:k0b1 NAT.

6. OnuiuTe ocCHOBHBIE TTPOOIeMBbI B padote cepBepa NAT.Uto obecnieunBaeT

ciyx6a NAT?

Cnucoxk nuTepaTyphl:

1. Manun A.A. Cuctembl KoMMyTalud. [[pUHIMIBI U TEXHONOTMU MAKETHOU

KOMMyTanuu. YuebHoe nocodbue.— Pocros-Ha-/lony: CKO® MTYCH, 2014. — 108 c.
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IIpakTuyeckoe 3anaTHe Ne7. KoHpurypupoBanue CriucKOB yIpaBiICHUS

noctynoMm ACL.

Henu 3anamusn: llonyduTb TEpBUYHBIE HABBIKM (QUIBTpAlMK Tpaduka B
MaKETHBIX CEeTAX.

3aoanue. PaccmoTpeTh 0011yI0 Teopuro ynpasieHus qoctymnom ACL. YVicHUTh
CUHTAKCUC KOMaHJ A paboThl. [ yka3aHHBIX MCXOMHBIX JAHHBIX TPOU3BECTH
MOCTPOEHUs cXeMbl ceTu. HacTpouTs HeoOXoaumyro aapecaruio. HacTpouTs crimcku

JOCTYTIA.

Crucku noctyna ACL (Access Control List) mo3BoisiioT co3naBath IpaBuia
yhOpaBiieHus TpadukoMmM, 1O KOTOPhIM OYyJIeT MPOUCXOJUTh MEKCETEBOEC
B3aMMOJICHCTBHE KaK B JIOKAJIbHBIX, TAK U B KOPIIOPATUBHBIX CETSIX.

CymiecTByeT NIECTHAANATh THUIOB CIHCKOB JOCTyHa, HO HamOoJjiee YacTo
UCIOJIb3YIOTCS JBa Tuna: standart — ctangaptaeie (HoMmepa ¢ 1 mo 99) u extended —
pacmupennbie (HoMmepa ¢ 100 mo 199 wmm ¢ 2000 mo 2699). Paznuuns Mexay STUMHU
JBYMSI CIIUCKaMHU 3aKJIFOYAIOTCSI B BO3MOKHOCTH (PMIIBTPOBATH MAKEThl HE TOJBKO TIO
IP — agpecy, HO U 1O APYTUM pa3IMYHBIM IMapaMeTpaMm.

CranmapTtHple Ccnucku oOpabarpiBaroT ToJbko Bxoasmme [P aapeca
WCTOYHUKOB, T.€. HIIYT COOTBETCTBUE TOJBKO mno [P axgpecy oTnpaButens.
Pacmimpennbie cnucku pabOTalOT CO BCEMHU aapecaMyd KOPIOPATHUBHOM CEeTH U
JOTIOJTHUTEIBHO MOTYT (DHIBTPOBATH TPAdUK MO MTOPTAM U MPOTOKOJIAM.

PaboTa crrcka goctyna HampsiMyr0 3aBHCHUT OT TOpSAJIKA CIIEIOBAaHUSI CTPOK B
ATOM CIIMCKE, T/Ie B KaXKIOW CTPOKE 3amucaHo MpaBuiio o0paboTku Tpaduka.
[IpocmaTpuBaroTCs Bce MpaBMia CIMCKA C TMEPBOTO JO MOCIEAHETO MO MOPSAKY, HO
IIPOCMOTP 3aBEpIACTCs, KaK TOJbKO OBLJIO HAWIEHO MEPBOE COOTBETCTBUE, T.C. JJIA
IpUIIEANIET0 MakeTa ObUIO HaWEHO MPaBUIIO, MOJ KOTOpoe OH mojmnanaer. Ilocnie
ATOr0 OCTaJbHBIC TPAaBWJIA CIMCKAa WUTHOPUPYIOTCA. Eciu makeT HE moaman HU IOA

OJHO U3 IIpaBUJI, TO BKIIIOYACTCA IIPABUIIO 110 YMOJIYaHUIO!:
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access-list Homep_cnmcka deny any

KOTOPOE 3alpeniaeT Bech Tpaduk mo ToMmy HHTEpQEicy CeTeBOro yCTpoicTBa,
K KOTOPOMY JaHHBIN CIIUCOK OBLT IPUMEHEH.

J71st TOoro, 4TOOBI HAYaTh UCIIOJIB30BATH CITUCOK JOCTYIA, HEOOXO0IUMO
BBITIOJTHUTH CIEAYIOLIUE TPH dTara:

1 — co3nmath CIUCOK;

2 — HATIOJTHUTH CITUCOK TIpaBuiIaMu o0paboTku Tpaduka,;

3 — IPUMEHUTH CIHUCOK JIOCTYyMa K HHTEpPeiicy yCTporhcTBa Ha BXO/I UK Ha
BBIXOJ1 3TOT0 HHTEpdeiica.

DTan nepBeId — CO3IAHUE CITUCKA JOCTYIIA:

CraHIapTHBIN CIIHCOK:

Switch3(config)#ip access-list standart 10

(cozmaercs cTaHIapTHBIN CIIUCOK JOCTYIIA 1o HoMepoM 10, B JTaHHOM ciiy4ae
CO3/Ia€TCSl HA KOMMYTATOPE).

PacmipenHslil CIIUCOK:

Routerl(config)#ip access-list extended 100

(co3maercs paclIMpeHHbIN CIUCOK JocTyna noa Homepom 100, B jaHHOM
cllydae Co3JaeTcs Ha MaplIpyTH3aTope).

Dtar BTOPOii — BBOJ MPABMJI B CIIUCOK JIOCTYTIA:

Kaxnoe, mpaBuiio B CHUCKE JOCTYTIA CACPIKUT TPHU BAXKHBIX DJIEMEHTA:

1 - yncno, uaeHTUUIUPYIOIIEe CIUCOK MPU 0OpaIIEHUU K HEMY B APYTHX
YJacTAX KOHPUTYpAIIUU MapIIpyTH3aTOpa WM KOMMYTAaTopa TPEThEero YPOBHS;

2 - uHCTpyKIuio deny (3ampeTuTh) WU permit (pa3periuTsb);

3 - wuneHTHGUKATOP MaKeTa, KOTOPHIA 3a7aeTcss MO OJHOMY H3 Tpex
BapUAHTOB:

- aapec cetu (Hampumep 192.168.2.0 0.0.0.255) — rne BMecTo MacKu MOACETH
yKa3bIBAETCS MA0JIOH MACKH MOJCETH;

- aapec xocrta (host 192.168.2.1);

- mo6oit IP aapec (any).
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[Ipumep cTaHIApTHOIO COMCKA I0CTyNa

Ne10: access-list 10 deny host 11.0.0.5

access-list 10 deny 12.0.0.0 0.255.255.255

access-list 10 permit any

B sTowm crincke:

- 3ampenieH Bech Tpaduk xocty ¢ IP agpecom 11.0.0.5;

- 3ampernieH Bech Tpaduk B cetr 12.0.0.0/8 (B mpaBmiie yKa3pIBaeTCs HE
peanbHasi MacKa MoJCEeTH, a ee abJIoH);

- BECh OCTaJIbHOM TpaduK pa3pelieH.

B pacmmmpeHHBIX cHHCKax JOCTyIAa BCJEH 33 YKA3aHUEM JICHCTBUS KIKOYaMH
permit win deny JOHKEH HAXOAMTHCS TMapaMeTp ¢ OOO3HAYE€HHWEM IMPOTOKOJIa
(BosmoxHbI TIpoTokoiiel IP, TCP, UDP, ICMP), xoTopslli yKa3bIBaeT, JAOJDKHA JIU
BBIMIOJTHATHCS MPOBEpKa Beex nakeToB [P nnu Tonbko nakeTos ¢ 3aronoBkamu [CMP,
TCP wmu UDP. Eciaum npoepke nogiexar HoMmepa noptoB TCP wumu UDP, To
noykeH ObITh yKazaH npoTokos TCP wnu UDP (ciyx6s1 FTP u WEB ucnonssytor
nportokosn TCP).

IIpu co3maHny pacIIMPEHHBIX CIIMCKOB B IPABUJIAX JIOCTYIIA MOYKHO BKJIKOUYATh
dbunpTpanuo Tpadrka Mo MpOTOKOJIaM U nopTaM. Jjisi ykazaHusi TOPTOB B MpaBUIIC

JOCTYTIa YKa3bIBAIOTCS clieayromue o0o3HaueHus (Tabmmma 1): Tabauna 1

0003HaUYeHUE TIEUCTBUE

Itn Bce Homepa mopToB, MEHBIIIHE N.

gtn Bce Homepa noptos, OosbIme n.

egn ITopT n

negn Bce noptel, 3a HCKIIFOYEHHEM 1.
range nm Bce mopTel OT n 10 M BKIIFOYHUTEIHHO.

PaCHpOCTpaHCHHBIC IMPHUIIOKECHUA U COOTBETCTBYIOIIUC UM CTaAHAAPTHBIC

HOMEpA MOPTOB MPUBEICHBI B CIeAYIONEH Tabuiie 2:
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Tabmuna 12.

Homep [Iporokon [Tpunoxenue KntoueBoe cnoBo B
nopra KomaHnJie access_list
20 TCP FTP data ftp data
21 TCP Yupasnenue ceppepom FTP ftp
22 TCP SSH
23 TCP Telnet telnet
25 TCP SMTP Smtp
53 UDP, TCP DNS Domain
67, 68 UDP DHCP nameserver
69 UDP TFTP Tftp
80 TCP HTTP (WWW) WWW
110 TCP POP3 pop3
161 UDP SNMP Snmp

[Tpumep pacumpennoro crivcka gocrymna Nel11: !

3anperuts Tpaguk Ha nopty 80 (Www-Tpaduk) ip

access-list 111 deny tcp any any eq 80

ip access-list 111 deny ip host 10.0.0.15 host 12.0.0.5

Ip access-list 111 permit ip any any interface

ethernetO

I Ilpumennts ciucok gocrtyna 111 x nucxomsimemy

Tpaduky ip access-group 111 out

B sTOM cnricke BHEUIHUE y3JIbl HE CMOTYT 0OpaliaThcsl Ha CallThl BHYTPEHHEN
CeTH, T.K. CIHUCOK JOCTyna ObUI MPUMEHEH Ha BBIXOJ (i1 BHEIIHUX Y3JIOB)
unrepdeiica, a Tak ke y3ay 10.0.0.15 3anpemien qoctyn K y3ay 12.0.0.5

OctanbHOi TpauK pa3peleH.

DTtan TpeThii — MPUMEHEHUE CIUCKA JOCTYTIA.

Crucku g0cTymna MOTyT ObITh UCTIOJIB30BAHBI VIS IBYX THUTIOB YCTPOMCTB:

1 — na MapuIpyTH3aTOpE;

2 - Ha KOMMYTaTOpe TPETHETO YPOBHSI.

Ha xaxxoM unTepdeiice MoxeT ObITh BKJIFOYEHO JIBa CIHUCKA JIOCTYIA: TOJBKO
OJIMH CIIMCOK JOCTyNa JJis BXOJSAIIMX ITAKETOB M TOJIBKO OJWH CIIUCOK IS

UCXOOAIINX ITaKETOB.
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Kaxapiii ciucok paboTaer TOJIBKO ¢ TeM MHTepdeiicoM, Ha KOTOPbIA OH ObLI
MIPUMEHEH U HE JCHCTBYET Ha OCTaJbHblEe NHTEP(ENCHl YCTPOUCTBA, €CIIM OH TaM HE
IIPUMEHSIICS.

OI[H&KO OJUH CIIMCOK JOCTYyIIa MOXKCT OBITH INpUMCHCH K Pa3HbIM

uHTepdeiicam.

[IpumeHeHue crucka J0CTyna K YCTPOWCTBY OCYIIECTBISIETCA CIIECIYIOIIUMU
KOMAaH/IaMHu:

interface ethernet0/0/0

Ip access-group 1 in

Ip access-group 2 out

B nanHom cnyuyae k uHTepdeiicy ethernet0/0/0 mpuMeHunu nBa crmcka
JOCTyIa:

criicok pocryna Nel — Ha Bxoq uHTepdeiica (T.€. 111 BHYyTPEHHHUX aJIpECOB);

cnucok goctyna Ne2 — Ha BbIX0J1 HHTepdelica (IpUMEHEHNE K BHELTHEN CETH).

YToObI IPOCMOTPETH BCE CO3[JaHHBIE CIIMCKH JIOCTYIAa U IPUMEHEHHUE UX K
uHTepdericaM yCTpONCTBA UCTIONB3YUTE CIETYIONIHE

KoMaHbl: KoMaHa mpocMoTpa CIIMCKOB JIOCTYTIA:

Router# Sh access-list

[IpocmoTp Tekylied KOH(UTypaluu YCTPONCTBA U NPHUBSA3KU CIHCKOB K

uHTepdeicam:

[IpocMoTp coxpaHeHHOW KOHPUTYpaIUu:
Router# Show configuration
CoxpaHnenue TeKyien KoHpurypammm:
Router# write memory

%0507

Komanna ynanenus cnucka gocTymna:
interface ethernet0/0/0 - BEIOOp HY»KHOT0 MHTEp(deiica

No access-list Homep cnucka — ynaneHHe CIHCKa B BRBIOpaHHOM UHTEpdeiice
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3ananue asns paboThl

Cozpnaiite cxemMy ceTH, KaK IoKa3aHo Ha puc.l.

Server- erver-PT
Serverl Server2
11.0.0.2/8 12.0.0.2/8

www.mail..ru o WWW.ya.ru

o e —

11.0.0.1/8 §

Fa0/0 af1841
Routerl

12.0.0.1/8
Fad/1

PoS—
PC-PT -Jpc-pT'
compl

11.0.0.11/8 950-24 2950-2 comp3
”' Switch1 Switch2 12.0.0.13/8

Lan 11.0.0.0 Lan 12.0.0.0

P Y7 pomm—= ¥/
PC-PT PC-PT
comp2 comp4

11.0.0.12/8 12.0.0.14/8

Pucynok 1 - Cxema kopnopatuBHOM CeTH

3agava (HOMepa MoJICeTe YCTaHABIMBAIOTCS MPENOJaBATEIIEM):

1 - Kommnbtorepsl compl 1 comp2 J0IKHBI OTKPBIBAaTh BCE CAaUThI, HO UM

3aIpeIIeHO BXOJIUTh Ha KOMITbIOTEPHI comp3 u comp4.

2 - Kommbrotepsl comp3 U comp4 TOCTYIHBI APYT AJIsL ApyTra U TOJKHBI

OTKPBIBATh TOJIBKO CallT cBoel cetu, ceTh 11.0.0.0 nis HUX HegoOCTyMHA.

CoznaguM cTaHAAPTHBIN CIIUCOK JIOCTYMA, TA¢ YKaKEeM MpaBuiia OJIOKUPOBKH

Ha XOCThl comp3 1 comp4 ¥ MPUMEHUM ATOT CIIUCOK HA BbIx01 uHTEpdetica Fal/0.

BxirounTe npuBMIIETUPOBAHHBIN PEXXUM M BOWINTE B KOH(DHUTYpAITHIO

poytepa:

Routerl>en
Routerl#conf t
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Co3naguM cTaHIapTHBINA COUMCOK AOCTYIa U BBEIEM ITpaBuia
nocryma: Routerl(config)#ip access-list standard 10 Routerl(config-
std-nacl)#deny host 12.0.0.13 Router1(config-std-nacl)#deny host
12.0.0.14 Router1(config-std-nacl)#permit any

371ech MBI pa3pelInig BeCh TpauK, 3a HCKIIOYeHHEM ABYyX aapecos: 12.0.0.13
n 12.0.0.14.

[IpocMOTpHM CO3MaHHBIA CIIMCOK JOCTyNa B HACTpOWKax poyrepa. s 3toro
HAJ0 BBINTH W3 peXMMa KOH(UTYypalMu poyTepa W BBECTH KOMAaHIy MPOCMOTpA

CIIMCKOB Ha ycTpoiicTe sh access-list:

deny host 12.0.0.13
deny host 12.0.0.14

permit any

[IprMeHuM co3/TaHHBIN CIMCOK Ha BbIxoa uHTepdetica Fa0/0:

Routerl#

B pesynbpTere TOro, 4To CIMCOK A0CTyNHa ObUI MPUMEHEH K BBIXOIY
untepdeiica cetu 11.0.0.0 MbI MOTYUUITH CIEIYIONTYIO TOJUTUKY JOCTYTIA!

1 — makeTsl, BxozAsme Ha poytep u3 cetu 11.0.0.0 mony4arotT GJIOKHPOBKY Ha
nBa BHemHuX aapeca — 12.0.0.13 u 12.0.0.14;

2 — BCEM BHEIIHMM IIakeTaM, BXOIdmuM u3 poyrepa B cerb 11.0.0.0
paspemiaercsi Bce, kpoMme AByX azapecoB - 12.0.0.13 u 12.0.0.14 (3tum agpecam

3anpenieH Bxoa B ceTh 11.0.0.0)
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[TpocMoTpum npuBsI3Ky criicka noctyna kK uHrepgeiicy Fa0/0 B
KOH(UTypaluu poyTepa:

Router1(config-if)#exit

Routerl(config)#exit

Routerl#

Routerl#sh running-config

Hcnonb3ys 1aHHYI0 KOMaHAY, Bbl YBUAUTE MOJIHYI0 KOHPUTYpAIUIO pOyTepa,
B TOM YMCJI€ U MIPUBA3KY CIIUCKA OCTYIAa K KOHKPETHOMY UHTEp(EiCy (B JTaHHOM
cilydae Ha BBIXOJ UHTp(eiica):

interface FastEthernet0/0

ip address 11.0.0.1

255.0.0.0 ip access-group 10

out duplex auto

speed auto

!

[IpoBepbTe CO3IaHHYIO OJUTUKY AOCTYIIA K pecypcaM CeTH. JJOmKHBI
BBITIOJTHAITHCS CJICIYIOIINE MpaBuUiIa;

1 - kommbroTephl cOMp3 U comp4 TOCTYMHBI IPYT ISl APYTra U JOJKHBI
OTKPBIBATh TOJIBKO CAUT cBOEH ceT, Bxoa B ceTh 11.0.0.0 um 3a0610KupOBaH;

2 — cepBepa Server2 TOoCTyIeH BCEM pecypcaM CeTH;

3 - komnbsroTepaM compl u comp2 AOCTYIHBI BCE PECYpPChI, KPOME aJIPECOB

12.0.0.13 n 12.0.0.14.

KonTposnbHbIE BOIIPOCHL:

1. Kakue napameTpbl KOHTPOJUPYET PACIIMPEHHBIE CIUCKU JOCTYyIa?

2. [lpuBenute npuMep KOMaHIbl, pa3pelaronieil nepeaayy nakeToB OT X0cTa
Ha Bce BeO-cepBepa.

3. IlepeuncauTe OCHOBHBIE TUIBI CTUCKOB JIOCTYIIA.

4. Yo Takoe mabJIOH MaCKH MOACETH U MPUBEIUTE TPUMEPDI €TI0

HCIIOJB30BaHUs B CIIUCKAX JOCTYIIA.
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5. Kakoe mpaBuio 06paboTku ceTeBOTo Tpaduka 3a/1aeT CASAYIOMNUNA CITUCOK
nocryma: Ip access-list 111 deny tcp any any eq 80.

6. JlokanbHas ceTh coeAnHeHa ¢ poyTepom 1o uHTtepdeiicy Fal/0, a BHenHss
ceTh coenmuHeHa mo uHTepdeiicy FalO/l. M3 nmokanbHOW ceTH 3ampeimieH BXOJ BO
BHEIIHIOKO CETh, a N3 BHELIHEW CETH 3ampeneHo Bxoauts Ha FTP cepaep,
PaCIOJNIOKEHHBIM BO BHYTPEHHEH ceTu. [[ns peanuzanuu 3TUX IpaBWil ObLT CO37aH
cnucok jgoctyna. HasoBute mHTEp(dEiic 1 B KaKOM HaIlpaBiIeHUW (HA BXOJ WJIM Ha
BBIXOJT), K KOTOPOMY CJI€AYET MPUMEHUThH CO3IaHHBIN CIIUCOK JOCTYTIA.

7. Jlns kakoro BapraHTa HE MOXKET OBITh MPOBEICHO CPABHEHUE HA OCHOBE
pacIIMpeHHOro cnucka gocrymna [P?

- POTOKOJT;

- [P agpec ornpasurens;

- [P agpec nomyyarens;

- ums ¢aiina ais nepenaydu no npotokony FTP.

8. HazoBure, kakoii madioH Macku cooTBercTByeT cet 10.16.0.0./12?

9. B cnucke goctymna conep:kuTcs cienyroiiee npasmio: Permit any host
192/168/1/1/it 25. Kakue HoMepa mopToB OHO 0OpadaTbIBaeT?

10. HamumuTe mpaBuiio AOCTyMa Ui BXO1a B JIFOOYIO CETh Ballleld CXEMBI.

CHHCcOK UCTOYHHUKOB:

1. JI. bonu. PykoBoactBo mo Cisco 10S. U3xa. ITutep, Pycckas Penakius,
2008, 786 c.

2. K. Kennean, K. 'amunbToH. [IpUHITAIIEI KOMMYTAIMH B JIOKAJTBHBIX CETSIX

Cisco. 3a. Bunbssamc, 2003,976 c.

IIpakTuyeckoe 3ansatue Ne§. KonduryprpoBanue BUPTyaTbHON JTOKAITBHON

cetd VLAN — makcumym 6 Oasjios.
3anmanue.PaccMoTpeTh 0OIIYIO TEOPHIO CO3/IaHUSI BUPTYAIbHBIX CETEH.

VSACHUTH CUHTAKCHUC KOMaH JJId pa6OTI>I. I[J'If{ YKa3aHHBIX UCXOJHBIX JTaHHBIX
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MPOU3BECTH MOCTPOCHUS CXeMbl ceTH. HacTpouTe HeoOXoauMyro aapecaruio.
Hactpouts BUpTyasbHbIE JIOKAJIBHBIE CETH B COOTBETCTBUH C 33JaHUEM.

KongurypupoBanue BUPTyalbHBIX CETEH

Buptyanbnasle nmokanbHble ceTh VLAN — 3TO TEXHOJNOTHsA, IMO3BOJISIOIIA
OpraHU30BbIBATh HECKOJIBKO HE3aBUCHMBIX BHUPTYAJIbHBIX CETE€M BHYTPU OIHOM
¢usnueckoit cetu. C momonipio VLAN MOXHO BBINOJHATH TMOKOE pa3HECEHUE
MOJIb30BATENIEN O Pa3JIMYHBIM CETMEHTaM CETH C pa3HOMl ajpecalued, JaXe €ClH
OHM TIOJIKJIFOYEHBI K €MHOMY YCTPOWCTBY, a TakKKe JPOOUTH IMIMPOKOBELIATEIbHBIC
JIOMEHBI.

[IpuHumn  opranm3amuu  1Byx VLAN Ha  OZHOM  KOMMYTaTope

WJUTIOCTPUPYETCS] pUCYHKOM 1.

MK4 MK3

VLAN 2

Hemtmyrarop yposHa 2
¢ nopaeprei VIAN

& L8

Pucynok 1 — Opranuzanus 1syx VLAN Ha 0JHOM KOMMYTaTOpe

Komneiotepsl 1 u 2 o0benunensl B ogHy VLAN, kommberotepel 3 u 4
o0venuHeHsl B Apyryl0 VLAN. XoTs Bce KOMMOBIOTEPHI MOAKIIOYEHBI K OJTHOMY U
TOMY K€ KOMMYTaTOpy, BCE OHHM HE CMOTYT OOLIaThCs MEXIy coboil. KommbioTep
HOMEp | CMOXKET 00IIAThCS TOBKO C KOMIBIOTEPOM 2, KOMIIbIOTEp 3 OyAeT BUACTH
TOJIbKO KoMIbtoTep 4. To ecTh JaHHas cuTyauust OyJeT aHAJIOTHYHA TOMY, KaK €Clli
OBl MbI TOJIKJIFOUMIIM KOMITBIOTEPHI 1 U 2 K OTHOMY KOMMYTaTOpY, @ KOMIBIOTEPHI 3 U

4 K Ipyromy KOMMYTaTOpy, U HE COEAUHMIN ObI 3TH KOMMYTaTOPbI MEXKIY COOOM.
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Kak nerko 3amMeTuts, B JaHHOM citydae, TexHonoruss VLAN nomoria Ham pa3fenurhb
eIMHYI0 (PU3UYECKYIO CEeTh Ha HECKOJIBKO BUPTYaJIbHBIX HE CBA3AHHBIX MEXKIY COOOM
CETEH, MPU ITOM KOMITBIOTEPHI, HAXOALINECS B ITUX BUPTYAIbHBIX CETAX, padOTaOT
TOYHO TakK ke, KaK 3TO OBLJIO OBl B OOBIYHON CETH.

Jlist B3aumogerncTBus yctpoilctB B VLAN ceTsiX MX MOPTHI HACTPauBaKOTCS
crenuaabHbIM 00pazoM. CylecTBYeT Ba TUIIa HACTPOMKH MOPTOB: HaCTPOMKa MopTa
B pexkuMe foctyna (Access Mode) u HacTpoiika mopTa B pexkume maructpaiu (Trunk
Mode).

[lopTtel gocTyna MNPUMEHSIOTCS OOBIYHO JUIsl THOJAKJIIOYEHHS OKOHEYHBIX
yCTpOUCTB. B mpocreliiiem citydae, HopTy AOCTyIa 3afgaercs onpeaeneHHas VLAN,
U OH IepelaeT BeCch NOCTYMAKIIWA Ha Hero Tpapuk umMeHHO B Hee. [lopTel, K
KOTOPBIM MOJKJIKOYEHBI KOMITBIOTEPHI 1,2,3 M 4 Ha PUCYHKE 2, SABJISAIOTCS NOPTAMH
noctyna. MaructpanbHble NOPTHI MPEAHa3HAu€Hbl JUI Nepefaud Tpapuka cpasy
HecKoJIbKUX VLAN 1 0OBIYHO MCHOJIB3YIOTCS JUIsl COEUHEHMS CETEBBIX YCTPONCTB
Mexay coooi. Ilopter 5 000MX KOMMYTaTOpOB Ha pPHCYHKE 2, SBISIOTCS

MaruCTpajibHbIMU IIOPTAMHU.

VLAN 2

1K 4 K 3 K 8 K

“4
S|

Port1 . . VLAN1

Port 2 Port1

Port 4 w w
[N Port5 VLAN 2 Port 5 Port 3
|

VLAN 1

Pucynok 2 — Mcnonp30BaHre MarucTpalibHbIX IOPTOB U MIOPTOB AOCTYIIA
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Ha nanHom pucynke moptel 1 — 4 paboTaroT B peKMMe JOCTyIa, MopT 5 — B
peKUME MarucTpajid M mepenaer uepe3 ceds Tpaduk cpasy JIBYX BUPTYaJbHBIX
nokanbHbIX cered VLAN 1 m VLAN 2 (mo3TtoMy YCIOBHO Ha PHUCYHKE MOPTHI 5
000MX KOMMYTAaTOPOB CBSI3aHbI MEXIY COOON ABYMS JIMHUSIMH, XOTS (PU3HUUECKH ITO
— OJ[HA JIMHHUS).

[lepenaBatey Tpadhuxk VLAN Mexay KOMMyTaTOpaMHd MOKHO HE TOJBKO C
MOMOIIBI0O MAaruCTPaJIbHBIX MOPTOB, HO U C MTOMONIBIO MOPTOB JOCTYIA, HO TaK KaK
HOPTHI JOCTyNa MOTYT IponyckaTrh Tpaduk Tosbko onHoil VLAN, g coenuHeHus
YCTPOMCTB MeXay co00M moTpeOyeTcs BbIAEIEHHE MOPTOB, KOJIMYECTBO KOTOPBIX
OyJeT paBHO KOJHUYECTBY IepeaaBaeMblx Mexay ycrpoiictBamu VLAN. JlanHbii
crocod OOBIYHO HAaXOIUT MPUMEHEHHE TOJBKO B TOM Cllydae, €CIU MEXIy
yCTpONCTBaMHU HEOOXOUMO niepeaaTh Tpaduk Hebombioro uncina VLAN.

Jist Hactpoiiku VLAN HeoOXoauMo nepeidTy B MPUBUIETUPOBAHHBIN PEXUM,
BBINOJIHUB KOoMaHay enable. MHdopmanuio o CylmecTBYIOIIMX Ha KOMMYTaTope
VLAN MoxHO, BbITIOJIHUB KOoMaHAy show vlan brief (MmoxxHo mipocto sh vl br).

Paccmorpum mpumep cozmanus nByx VLAN Ha ogHOM komMmyrtarope. [lns
ATOTO TMO-TIPSKHEMY OyJIeM MCIOJIB30BaTh CETh, IPEACTaBICHHYIO Ha pucyHKe 3.10.
[lepeiizem B NPUBMIETHMPOBAHHBIA PpPEXKUM, BBIIOJIHUB KOMaHAy enable, wu
IPOCMOTPHUM HHGPOPMAIIHIO O CYIIeCTBYIOMMX Ha KoMMmyTaTope VLAN (pucyHok 3).

B pesynbprare BBINONHEHUS KOMaHIbl HA 3KpaHe MosiBUTCS: HOMepa VLAN —
nepBblid cronberr; HazBaHue VLAN - BTopoii cronben; coctositHue VLAN (paboTaer
OHa B JAHHBII MOMEHT WJIM HET) — TPETUH CTOJOEl; MOPThI, MPUHAAJIEKAIINE K
nanHoi VLAN — derBepthiii cronbern. Kak ™Mbl BuaMM, 1O YyMOJIYaHUIO Ha
KOMMyTarope cymectByeT msatb VLAN . Bce mopTel KOMMyTaTtopa 1o yMOJ4aHUIO
npuHamnexatr VLAN 1. Ocranbnbie yetbipe VLAN sBIAIOTCS CIyXEOHBIMH H

HCIOJB3YHOTCA HC OYCHBb HaCTO.
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10S Command Line Interface

Switch=en
Switchffshow wlan brief

VLAN Nane Status Ports

1 default active FaO/f1, FaO/fZ, Fa0/3, Fal/4
Fa0/5, Fal0/e, Fal0/7, Fal/8
Fa0/2, Fal/10, FaO/ll, Fa0/1Z
Fa0/13, Fa0/14, Fa0/15, FaO/l1lé
Fa0/17, Fa0/18, Fa0/19, Fal/Z0
Fa0/2l, Fa0/2z, Fa0/23, FalO/Z4
Gigl/l, Gigl/Z

1002 fddi-default active
1003 token-ring-default active
1004 fddinet-default active
1005 trnet-default active E
Switch$ v

[ Copy ][ Paste

Pucynok 3 — IIpocmotp koHpurypanun VLAN

JIns peanu3anuil CETH, KOTOPYIO MBI 3aIlUIAHUPOBAIM CAENATh, CO3MaAUM Ha
kommyTtarope eme a8e VLAN. Jlnsg 3Toro B NOpUBUIETMPOBAHHOM PEKUME
HEOOXOIUMO BBIMOJHUTH KoMmaHay conf t 1 mepexojia B PEXHM TIOOAIBHOTO
KoH(urypoBanus. BBogum komanay vlan 2. JlaHHOW KOMaHAOW CO3IaeTcs Ha
kommyTtaTope VLAN ¢ HoMepoM 2. Ykazatens BBojaa Switch(config)# nusmenurcs Ha
Switch(config-vlan)#, 3T0 cBHIETETBCTBYET O TOM, YTO KOHPHUTYPUPYETCS yKE HE
BECh KOMMYTATOp B LIEJIOM, a TOJBKO oTaesibHass VLAN, B 7aHHOM ciyyae HOMED 2.
Ecnu ucnonb3oBath koManay «vlan x», rae x Homep VLAN, korna VLAN x ermie He
CO3/laHa Ha KOMMYTaTrope, TO OHa OyJeT aBTOMAaTHYECKH co3JaHa U OyAeT
OCYILIECTBJICH NIEPEXO/T K €€ KOH(DUTYPUPOBAHUIO.

JInst  peleHus — MOCTaBIGHHOW — 3aladd  KOMMYTaTOp  HEOOXOIUMO
CKOH(UTYpUPOBATH CIEIYIONTUM 00pa30OM.

Switch(config)#vlan 2

Switch(config-vlan)#name subnet_192

Switch(config)#interface range fastEthernet 0/1-2
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Switch(config-if-range)#switchport mode access

Switch(config-if-range)#switchport access vlan 2

Pazbepem mannyio xoHpurypanuto. Kak yxke roBopmioch paHee, KOMaHIOM
vlan 2 MbI co3gaem Ha kommyTatope HOBYI0 VLAN ¢ Homepom 2. Komanma name
subnet 192 mpucBamBaer ums subnet 192 BupTyanpHOU ceT HOMmep 2. Bormomuss
koMmaHy interface range fastEthernet 0/1-2, MbI mepexoauM K KOH(PUTYpHPOBAHUIO
untepdeiicoB fastEthernet 0/1 u fastEthernet 0/2 xommyrtatopa. KimioueBoe cioBo
range B JIaHHOW KOMaH]I¢ yKa3bIBaeT Ha TO, YTO MBI OyJIeM KOH(PUTYPUPOBATH HE
OJIUH €IMHCTBEHHBIA TOPT, a IEJIbIM JUana3oH MOPTOB, B MPHUHIIUIEC €€ MOXHO HE
HCIIOJIB30BaTh, HO TOTJA MTOCJIEAHUE TPU CTPOKHU MPUACTCS 3aMEHUTD Ha:

Switch(config)#interface fastEthernet 0/1

Switch(config-if)#switchport mode access

Switch(config-if)#switchport access vlan 2

Switch(config)#interface fastEthernet 0/2

Switch(config-if)#switchport mode access

Switch(config-if)#switchport access vlan 2

Komanna switchport mode access KoHUrypupyeT BbIOpaHHBI MOPT
KOMMyTaTopa, kak nopt pocryna. Komanga switchport access VLAN 2 yka3sbiBaer,
YTO JaHHBIN MOPT sABJIAETCS MOpToM octyna st VLAN Homep 2.

Kak u B mpeapiaynmx mpuMepax, KOMaHJbl MOXXHO HaOUpaTh COKPAILEHHO,
Kkpome Toro, BMecto fastEthernet MmokHO rcons30BaTh 0O03HAUEHHE fa.

[IpocmoTpum pe3ynbTaT KOHPUTYPUpPOBaHUS, BHIMIOJHUB KOMaHAy show vlan
br emie pa3, puCyHOK 4.

N3 pucynka BUAHO, 4TO B KOMMyTaTope nossuiack Bropas VLAN ¢ nmenem
subnet 192, k koTtopoii otHOcsTCs mopThl 0/1 1 0/2.

Jlanee anamorm4HbeiM oOpa3om coznaauMm vlan 3 ¢ umenem subnet 172, u

caenaeM ero nopramu noctyna uarepdeiicel fastEthernet 0/3 u fastEthernet 0/4.
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I0S Command Line Interface

S ICCI OO LIy v L] FIame s uonee T

Switchi{config-vlan) fint range fa 0/1-2 0,

Switchi{config-if-range) fswitchport mode access

Switchiconfig-if-range) fswitchport access wvlan &

Switchi{config-if-range) fexit

Switchiconfig) fexit

$8YE-5-CONFIG I: Conficgured from console by console

Switchfsh vl br

VLAN Nane Status Ports

1 default actiwve Fa0/3, FaO/f4, Fa0/5, Fal/6
Fa0/7, Fal0/8, Fal0/2, Fal/l0
Fa0/1l, FaO/lZ, FaO/13, FaO/l4
FaO/15, Fa0/16, Fa0/17, Fal/1l%8
Fa0/19, FaO/Z0, FaO/Zl, FaO/ZZ
FaO/23, Fal/24, Gigl/l, Gigl/Z

z subnet_1392 active Fa0/l, FaOD/Z

1002 fddi-default active

1003 token-ring-default actiwve

1004 fddinet-default active

1005 trnet-default active <

Switchf v

[ Copy H Paste ]

Pucynox 4 — [Ipocmotp koHburypanuu VLAN

COOTBETCTBEHHO, KOMITBIOTEPHI, HAXOAIIMECS B PAa3HBIX BUPTYyAIbHBIX CETAX,
OyAyT HEOCTYIHBI IPYT IPYTY, UTO JIETKO MPOBEPUTH C UCTIOIb30BAHUEM YTHIIUTHI
ping.

HaunOounblilyto MpakTUYECKYyl0 II€HHOCTh NPEACTaBIAECT KOH(PUTYPUPOBAHHE
VLAN Ha HECKOJIbKUX KOMMYTaTOpaxX C HUCMOJb30BAHUEM MarucCTPaJIbHBIX IMOPTOB,
KaK 3TO WJUIIOCTPUpPYETCs pucCyHKOM 2. PaccMoTpuM  KOHQUTYypUpOBaHHE
KOMMYTAaTOpPOB B 3TOM ClIy4ac.

PaccMmoTpuMm ceTh, MOKa3aHHYIO HA PUCYHKE 5.
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192.168.1.1/24 192.168,1,2124

FaEth 0N

U:l;lk . Ky g ) FaEth 04 ‘

FaEth i3 Fatth 03

FaEth 02 FaEth 072
192.168.1.201/24 192.168.1.202724
192.168,1.101/24 162.168,1.102724
VLAN 2 VLAN 3 VLAN 4

Pucynox 5 — KondurypupoBanue KOMMyTaTOpoB

1o ananoruu ¢ npeapIIyIIUM IPUMEPOM MPOU3BENEM KOHPUTYPUPOBAHUE
000MX KOMMYTaTOpPOB:
Switch(config)#vlan 2
Switch(config-vlan)#name subnet_2
Switch(config-vlan)#int fa 0/1
Switch(config-if)#switchport mode access
Switch(config-if)#switchport access vlan 2
Switch(config-if)#exit
Switch(config)#vlan 3
Switch(config-vlan)#name subnet_3
Switch(config-vlan)#int fa 0/2
Switch(config-if)#switchport mode access
Switch(config-if)#switchport access vlan 3
Switch(config-if)#exit
Switch(config)#vlan 4

Switch(config-vlan)#name subnet_4
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Switch(config-vilan)#int fa 0/4

Switch(config-if)#switchport mode access

Switch(config-if)#switchport access vlan 4

Switch(config-if)#exit

Kak cnemyer u3 mepeuHsi KOMaHJ, HAa 00OMX KOMMYTaTopax CO3JaHbl TPHU
VLAN. Tenepr HE0OOXOAUMO CKOH(PUTYPUPOBATH HAa TPEThEM IMOPTY KAXKIOTO M3
KOMMYTAaTOPOB MAaruCTPajJbHbINA PEKUM:

Switch(config)#int fa 0/3

Switch(config-if)# switchport mode trunk

B pesynbraTe Tpaduk Bcex Tpex co3gaHHbix panee VLAN OyaeT npoxoauTh
4yepes mopr 3.

Hcnons3ys Ha nuaTepdeiice komanay switchport mode trunk, Mbl epesenu ero
B MarucTpaJIbHbI pEKUM, B KOTOPOM HHTEpQeiic mpomyckaeT yepe3 cels Tpapuk
BCEX cymiecTByIomX Ha koMmMmyTtatrope VLAN, HO MHOrjga HeoOXOoAuMO MepeiaBaTh
yepe3 JaHHbId nHTepdeiic Tpapuk He Bcex VLAN, a nuiib HekoTopsix. J{iist aToro Ha
000uX KOMMYTAaTOPOB BBIMOJIHUM KOMaH/IbI:

Switch(config)#interface fastEthernet 0/3

Switch(config-if)#switchport trunk allowed vlan 2-3

Komanma "switchport trunk allowed vlan 2-3" yka3piBaeT MaructpaibHOMY
nopty kommyrtaropa, tpapuk kakux VLAN emy npomyckatre yepe3 cebs. Ilocne
TOTO, Kak OyJeT BBHIMIOJHEHA 3Ta KoMaHjaa, koMmmbiorep PC4 nomkeH mepectarthb
Busieth kKommbioTep PCS. Komanpa "switchport trunk allowed vlan" npu cBoem
MCIIOJIb30BAaHUU KAXKIBIM pa3 3aJaeT pa3peuieHHbIE MOPTHl 3aHOBO, TO €CTh E€CIH
BBINOJIHUTE KoMaHAy switchport trunk allowed vlan 5, a moTom BBINOJHUTE KOMaHIY
switchport trunk allowed vlan 6, To pa3pemnieHHbIM OKakeTcst TOJIbKO Tpaduk VLAN
Homep 6. Jlns nobGaBneHuss VLAN K CHUCKY pa3pelieHHBIX CIYXHUT KOMaH/Aa
switchport trunk allowed vlan x, rme x Homep nobaBmsemoro VLAN. Jlns ynaneHus
VLAN wu3 crnmcka pa3pelieHHbIX HUCIob3yeTcs komanaa switchport trunk allowed

vlan remove X, rae x Homep yaansemoro VLAN. [l npocMoTpa nadopmaimm o
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HACTPOEHHBIX HAa KOMMYTAaTOPE MaruCTpajbHBIX MOPTaX CIYXKHUT KoMaHAa show int
trunk.

Taxum oOpa3om, ¢ UCTIOIB30BAHUEM KOMMYTAaTOPOB BTOPOTO YPOBHS EAHHYIO
CETh MOXHO Pa3[eJIUTh HAa BUPTYaJIbHBIE CETH C W30JUPOBAHHBIM JApPYr OT Jpyra
TpadukoM. OHAKO Ha MPAKTHKE YacTO BO3HUKAIOT 33Jlayd TMOKOro OObeIWHEHUS
HeckoabknX VLAN wmexny cobOoi. DTy 3amady pemarT MaplipyTU3aTopbl H
KOMMYTaTOPbI TPETHETO YPOBHS, KOTOPBIE OyIyT paCCMOTPEHBI HUKE.

Heo0xoaumMo OTMETHUTh, YTO PACCMOTPEHHAs BbIIE TepMUHOJIOTHS (Access-
nopT, Trunk-moprt) xapakrtepHa ToJibko st ycTpoucTB Cisco Systems. B psge
CIy4aeB TMOPThI, CIIOCOOHBIE MPOIyCKaTh 4yepe3 ceds Tpaduk Heckoabkux VLAN,
Ha3bIBAIOTCS TATMPOBAHHBIMU (tagging). OOBsCHAETCS 3TO TEM, YTO TaKOH MOPT
nepes nepegayer kajapa MOMENIaeT B HEro JOMOJHUTENIbHYI0 HH(pOpMaIuio (Tar),
aHAIU3UPYs KOTOPYI0, IPUHUMAIOIIUI IOPT UMEET BO3MOKHOCTD ONPEIEIUTH HOMED
VLAN, Kk koTopo# 3TOT Kajp oTHOcUTCS. COOTBETCTBEHHO, MPUHUMAIONIUN MOPT
3TOT TAT yAAJISET.

[lopThl, HE BHOCAIIME U3MEHEHWI B mepenaBaeMble Kaapbl (Access-opThl B

tepmuHosiorun Cisco), Ha3pIBAIOTCA HETATUPOBAHHBIMU (Untagging).

3ananue 11 paboTHhI.

Kaxxnprii cTy€HT BBITIOJNIHSET MPOEKT B OAHOM BapuaHTE, HOMEp BapuUaHTa
omnpenenseTcs nocyienne uudpoit crygenyeckoro ounera (Ch) u ogHo# nocnenHei
uudpoii rexymero roaa (I).

Buemnnii IP-anpec kimacca B mpoekTupyemMoil ceTu BBHIOMpAeTCs UCXOMs U3
Ta0IuIHI 1.

Tabnuua 1 — Buemnnii [P-agpec npoextupyemoii cetu

Ch IP-anpec Ch IP-anpec
1 135.12.00 6 214.125.0.0
2 128.34.0.0 7 138.234.0.0
3 65.20.0.0 8 85.76.0.0
4 112.38.0.0 9 75.89.0.0
S 94.56.0.0 0 76.94.0.0
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KonnyecTBO BUPTyalbHBIX JIOKAJIBHBIX CETEW MPEACTABICHO B TAOIHLIE 2.

Tabmuua 2 — KonuuecTBO BUPTYalbHBIX JTOKAJIBHBIX CETEH

Cb Kom-Bo VLAN Cb Kon-Bo VLAN
1 5 6 7
2 6 7 8
3 4 8 12
4 9 9 11
5 10 0 3

BHyTpeHHss aapecanusi CeTH JOKHA HMCIIONB30BaTh YaCTHBIE ajpeca Kiacca
C, mo paszzmencHHs TPOEKTUPYEMOM CETH Ha TOJICETH aApec CETH OMpEeIeNsIeTcs

UcXoas u3 3HaueHus [ B COOTBETCTBUM C TAOJIHIIEH 3.

Tabnuua 3 — BHyTpeHHss agpecanysi IpOeKTUPYEMOU CeTr
r
1,0 2,9 3,6 4,7 8,5
192.168.10.0f 192.168.15.0{ 192.168.20.0 | 192.168.25.0 | 192.168.30.0

KonunuectBo nonb3oBarenen kaxaon VLAN onpenensiercs kak cymma Chb+35.
Hanpumep, crygenr ¢ Cb 12 mnpoekTupyer cetb, Y KOTOPOMl KOJIMYECTBO
noJib3oBatesen B kKaxaoi VLAN nomkHO ObITh HE MEHBIIIE

1+2+5=7.

VLAN opranuszyroTcsi Ha 0a3e KOMMYTaTOpPOB, TOJJIEPKUBAIONIUX JIaHHYIO
TexHoyoruto. Paznenenue anpecHoro npocrpanctsa mexay VLAN ocyiectBisieTcs
C HCMOJb30BaHMEM Macku nepemeHHou qiuHbl (VLSM) ¢ yueTtom Tabnuuel 2 u

KOJIMUECTBA IMOJIL30BaTEJIEH.
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KoHTpo1bHBIE BOIPOCHI:

1. JInst yero co3maroTcs BUPTyadbHbIE JOKAJIbHBIE CETH U KAKOBBI UX JIOCTOMHCTBA?
2.Kak cBs3piBatoTcs Mexay coooit VLAN u mopTel kKoMmmyTaTopa?

3.Kak obecrieunBaeTcst 0011IeHNE MEXKTY Y3JIaMH Pa3HbIX BUPTYalIbHBIX ceTei?
4.Kak obecrieunBaeTcs yIpaBjieHUe BUPTYAIbHBIMU JIOKAJTBHBIMU CETIMU?

5. Mosxno 11 noctpouth VLAN Ha HECKOJIBKUX KOMMYTATOpax M KakK 3TO CIeNIaTh?
6. Jlnst gero cimykuT uaeHTHPUKATOP Kaapa (tag) v rae oH pa3MenaeTcs?

7.YTo0 TaKoe TPAHKOBBIN IMOPT U 3a4€M OH CO31aETCs?

8.Kak 0oH co3aeTcsi TpaHKOBBIN MOPT HA KOMMYTATOPE U MapuipyTusarope?

9. Kakue koMaHbl UCHIONB3YIOTCS A7 Ha3HaueHus VLAN Ha unrepdeiics?

10. Kakue koMaHAbI UCTIOIB3YIOTCS JUIsl CO3/IaHUS TPAHKOBBIX COEIMHEHUI?

11. Kakwue koMaHIbl UCTIONB3YIOTCS IS Bepudukarmn VLAN?



