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1. Ileaib 0CBOEHUA TUCHUILIUHBI

I1es1b ocBOEHMS AUCHUILIMHBI — C(POPMUPOBATH Y CTYICHTOB 3HAHUS M HABBIKU, HEOOXOIUMbIE
JUISL TIOCTPOEHUS], HACTPOMKH, TOAJEPKKH U ITOMCKA HEUCIIPABHOCTEN CETEM OT MaJIOro 0 CPEIHETO

pa3mepa.

2. Mecto aucunminnsel B ctpykrype OIIOIT BO

JIMCUMIUIMHBL M TPAaKTUKH, HAa OCBOCHHHM KOTOPBIX Oasupyercs JdaHHas AUCHUILIMHA:
[{udposas KyabTypa, ApXUTEKTypa KOMIIBIOTEPOB U ONepalluOHHbIE cucTeMbl, [IpodeccrnonanbHbIi
MHOCTPaHHBIN s13bIK, THPOPMALIMOHHBIE CUCTEMBI U TEXHOJIOTHH.

JIMCUMIUTMHBI U TIPAKTUKH, JUISI KOTOPBIX OCBOEHUE JaHHOM TUCIUIUIMHBI HEOOXOIUMO KaK
npenuecTytoiiee: Hactpoiika 1 aIMUHUCTPUPOBAaHNE KOMIBIOTEPHBIX CETEH.

3. Iliianupyembie pe3yJbTaThl 00yUeHUsI

DopmupyeMbie U
KOHTPOJINpYyeMble
KOMIEeTeHI[HH
(K01 ¥ HAMMEHOBAHUE)

HNuauxkaropsl
JOCTHKEHHUS
KOMIIeTeHIIUii
(Ko ¥ HAMMEHOBAHUE)

Inanupyemsble pe3yJibTaThl
o0yueHust

Crnioco0eH ocylecTBIATh
ONITUMH3AIHIO
yIpaBJIEHUS KU3HEHHBIM
IIUKJIOM pacipeaeIeHHbBIX
JAHHBIX C YYE€TOM
MH(OPMALIMOHHON
6e3omacHocth (TTK-1)

I1K-1.1. 3HaTh TEXHOJOIUU
YIpaBIICHUS )KHU3HECHHBIM
IIUKJIOM pacrpee/IeHHbIX
JAHHBIX C YYETOM
UH(POPMALIMOHHOM
0e30IacHOCTH.

IIK-1.2. Ymeer
OCYIIECTBIISATH
ONTUMM3AIHNIO YIIPABICHUS
SKM3HEHHBIM I[UKJIOM
pacnpeieleHHBIX JaHHBIX C
y4eToM UH(QOPMAIIOHHOM
0e30IacHOCTH.

[1K-1.3. Bnageer HaBbIKAMA
OIITUMM3ALNHY KU3HEHHOTO
[IUKJIA pacIpe/IeIeHHbBIX
IAHHBIX.

3HaTh:

- XapaKTePUCTUKUA U OCOOCHHOCTH
pasHbIX QU3HYECKUX Cpell U
IIPHUHIIAIIBI TIEPEIaYn
ANEKTPOMArHUTHBIX CUTHAJIOB B HUX;
- CETEBBIC MPOTOKOJIBI, HEPAPXHIO
MPOTOKOJIOB U PEKUMBI X paOOTHI,

- CTaHJaPTHI, COTJIAMCHUS U
pPEKOMEH Il B 001acTH
KOMITBIOTEPHBIX CETEH, METOIBI
nepenavyud nHGOPMAIIUU B CETSIX;

- TEOPETUYECKHE OCHOBBI
ApPXUTEKTYPHOW OpraHU3aIliu CETeH;
- 0a30BbIE Cpe/ICTBA MIEpeIadun
IAHHBIX B CETIX,

- METO/IbI KOJIMPOBAHUS U 3aLTUTHI OT
OIINOOK B CETIX

YMmerh:

- CO3/1aBaTh MOJIEIU CEeTeH U
TEJIEKOMMYHHUKAIIH;

- UCIIOJIb30BaTh COBPEMEHHBIE
CETEeBbIC. POTrPAMMHBIE CPEICTBA:
CETEBBIE ONEPALIMOHHBIE. CUCTEMBI,
OTIEPAIIMOHHBIE M CETEBBIE 000JIOUKHU

Baanern:

- HaBBIKAMHU HUCITOJIB30BAHUS
MPOTrPaMMHBIX CPEJICTB U pabOTHI B
KOMITBIOT! epHBIX CCTAX




4. CTpyKTYypa ¥ coJep:KaHue TUCHUILIMHBI

®opMbI TEKYLIETO

Bun . KOHTPOJIs
Monayas . HaumeHoBaHue TeM 3aHATHI Oonbem,
(pazzen) yueOHoi (yaeBHoii padoTsI) Cemectp u. banabl | UHTepakTHB, 4.| (HAaHUMEHOBaHUeE
padoThI OLICHOYHOI' 0
cpeacTBa)
Mopyns 1. Cp CoBpeMEHHbIE CETEBbIE TEXHOJIOTUHU 1 8 - Tect
Bsenenue B Cp CereBble IPOTOKOJIBI 1 KOMMYHUKALIUU 8 ) - Tect
KOMITHIOTEPHBIE
ceTH
Monayns 2. Jlex Pa3zpaboTka cTpyKTypHupOBaHHOM 1 - Tect
Dur3nyecKuil u KaOeIbHON CUCTEMBI JIOKAJTbHOM
KaHaJIbHBIN KOMITBIOTEPHOMN CEeTH
YpOBHU MOozeH | Cp dusnueckuii yposeHs Mojies OSI 10 5 - Tect
OSI J1a6 Pa3paGoTka CTpyKTYypUPOBAHHOI 2 5 - OT4ér no
KaOeJIbHON CUCTEMBI JIOKATbHOM nmabopaTopHol paboTe
KOMITBIOTEPHOU CETH 1
Jlex Pacuér 3anepikek nepenadn akeTos B 1 - Tect
TEJIEKOMMYHHUKAITMOHHON CeTH
Cop KananpHublii ypoBenb Moaenu OSI 8 5 - Tect
Jlab Pacu€r 3amepkek rnepenauu NakeToB B 2 5 - Otuér no
TENIEKOMMYHHUKAITMOHHOU CETH nmabopaTopHoi pabote
2
Cp Ethernet-kommyTarust 10 - Tect
Moyis 3. Cp Beenenue B cereBoii ypoBeHb Mojenu OSI 8 - Tect
CereBoli ypoBeHb| Cp Paspemenne aapeca 8 5 - Tect
mozenu OSI Jlex Pa3paboTKa aJipecoB CETH KaMITyca 1o 2 - Tect
CTaHJapTaM CETeBOr0 YPOBHS
Cp Anpecarus [Pv4 8 5 - Tecr
Jlab Pa3paboTka agpecoB ceTu kamiryca 1o 2 5 - Otuér no

CTaHJIapTaM CETEBOT0 YPOBHSI

nmabopaTopHoi paboTe
3




®opMbI TEKYLIETO

Bun . KOHTPOJIs
Monayas . HaumeHoBaHue TeM 3aHATHIA Oobem,
(pazzen) yueOHoi (yaeBHoii padoTsI) Cemectp u. banabl | UHTepakTHB, 4.| (HAUMEHOBaHUeE
padoThI OLICHOYHOI' 0
cpeacTBa)

Cp Anpecauus [Pv6 8 5 - Tecr

Cp ICMP 8 - Tect
Mopyns 4. Cp TpancnoptHblil ypoBeHb Mogesiu OSI 8 - Tect
Bepxuue yposuu | Cp CeaHCOBBIN ypOBEHb, YPOBEHb 8 4 - Tect
Moienu OS] MIPEJICTaBJICHUS] U IPUKIATHON YPOBEHb

mozenu OSI

Monyib 5. Cp BBenenue B 6ecripoBOJIHYIO CBSI3b 8 - Tecr
OCHOBBI Cp Komnonentst WLAN 8 - Tect
OECIIPOBOTHBIX
ceTeii Cp Pa6ora WLAN 8 4 - Tect
Monyns 6. Cp NAT pug IPv4 8 - Tect
Kopmopatusasie |Cp Konnenmun WAN 8 - Tect
ceTH Cp Konmenmuu VPN u Ipsec 8 - Tecr

Cp Konuenuuu QoS 8 - Tect

Cop YnpaBlieHHE CEThIO 8 4 - Tect
AHKeTa 3 - AHKeTa
Urorossiii Tect | ITA 2 40 Tect
Dopym 4

Hroro:; 180 100

Cxema pacyera UTOroBOro 6a/J1a: CyMMa BCex MOJTy4eHHbIX 0a/110B.




5. O6pa3oBaTe/ibHbIE TEXHOJIOTHH

B pamkax ydeOHOro Kypca NpemrycCMOTpEeHa TEXHOJOTHs IUCTAaHIIMOHHOTO oOydeHus B (dopme
71a00PAaTOPHBIX 3aHATUN U CAMOCTOSATEIbHON pabOThI CTYIEHTOB.

MeToanyeckue peKOMeHIaluH 1JIsl MPenoaaBaTeJisi 0 MPOBeIeHUI0 3aHATHIH

PexomeHngaunu no npoBeieHHIO JIA0OPATOPHBIX 3aHATHI

JlaGopaTopHble 3aHATHS TUCHUILIAHBI MPOBOAATCS B CHCIUATM3UPOBAHHBIX KOMITBIOTEPHBIX Kjlaccax
YHHBEPCHTETa, 00BbETMHEHHBIX B KOPIIOPATHBHYIO JIOKAJBHYIO BEIYUCIUTENbHYIO ceTh. Co Bcex pabouux mect
obecrieunBaeTcs noctyn B IHTepHET.

Ha HepBOM 3aHATUN Hpenoz{aBaTenb JOJIDKEH HAIIOMHHUTH CTy,Z[eHTaM Tpe6OBaHI/IH TCXHUKHAU
0e30macHOCTH Mpu paboTe B KOMITBIOTEPHBIX KjaccaX, MPOLEAypy AOCTyla B BBIYUCIUTEIBHYIO CETh H
TCXHOJIOT'HIO COXpaHeHI/IH pesyanaTOB BBIITOJIHCHU A 3aI[aHI/If/'I C UCIIOJIB30BAHUEM KOMHBIOTepa.

JlaGopaTopHble 3a/laHus CTYJEHTaM JOJKHBI (POPMYITHUPOBATHCS B MPpoOIeMHON (opme, Tpedyromei
aHaJln3a, UCCIICAOBAHUA U MO[[GJII/IpOBaHI/ISI C HpI/IMeHeHI/IeM KOMHBIOTepHBIX HpOI‘paMM. HpI/I OILICHUBAaHUHN
BBITIOJITHCHHBIX 33/IaHUH CIIEIYET YUUTHIBATh JOCTHXKCHHE Pe3yJsibTara, 3PGEeKTHBHOCTh aIrOpUTMa PEIICHHUS,
I/IHILI/IBI/IIIyaJII)HOCTI) pa6OTI)I.

Pexomenganmu mo opranu3anuy BHeAyIMTOPHOI padoThI

Bneaynuropnas pabota CTyJeHTOB HalpaBlieHa Ha 3aKPEIUICHUE U PAa3BUTHE TEOPETHUECCKUX 3HAHHM,
MapKTUYECKUX HABBIKOB M YMEHHM PabOThI ¢ KOMIIBIOTEPOM KaK CpeJICTBOM 00pabOTKH, XpaHEHHUS U Mepeiadn
uHpopmanuu. B pamkax BHeayIHTOPHOH pPabOTHI CTYAEHTHI CaMOCTOSTEIBHO HM3YYalOT TEOPETUUECKUI
MaTepuall, BHIOIHAIOT HHANBUAYATbHbBIC TOMAIIHNE 33 JaHUsl.

6. MeToguyeckue yKkasaHusi 110 OCBOCHMIO 1M CMIIJIMHBI

Pabota B Kypce npearnosaraeT ciaenyromue GopMbl 3aHITUR: 1TaOOpaTOPHBIE 3aHATHS, BHEAY IUTOPHbIE
3aHSTHSL.

Ha 3aHATHSX CTyZEHTH! BBINOJNHSIOT JIAOOpAaTOpHBbIE 3aJaHKsl IO BapHaHTaM C HCIHOJIb30BaHUEM
METOMYECKHUX YKa3aHH M0 BBIOJIHEHUIO padoT. [1o kaxaoMy 3aJaHUIO TPETyCMOTPEHO 0(OpMIIEHUE OTUETA
1o paboTe ¢ MOCIEAYIOUMM coOeceJOBaHUEM C MpernojaBaTeieM, B MpoLecce KOTOPOro CTYAEHT JIOJIKEH
OTBETUTHb Ha BOIPOCHI MO XOJy BBINOJHEHUS 3a/JlaHUN U TOJIyYEHHBIM pe3yjbTaTaM. 3a Kaxaoe 3aJaHue
HAYUCIIAIOTCS Oaibl, CyMMa KOTOPBIX B KOHIIE CEMECTpa ONpPEAEINT pe3yabTaT paboThl CTy/I€HTa B Kypce.

BueayautopHble 3aHATUS SBIAIOTCS Ba)XXKHOM 4acTbio pabOTHI cTyaeHTa. CTylIeHThl CaMOCTOSATEIbHO
paboTaroT C TEOPETUYECKUMH MaTepHallaMH, U3ydYeHHe KOTOPBIX MIPELyCMOTPEHO MPOrpaMMoi 00yUueHHsl.



7. OeHOYHBIE CPEACTBA

7.1. IlacopT OLIEHOYHBIX CPEACTB

Cemectp Kox konTpoiupyemoi KoMIeTreHIuu HaumeHoBaHue
(W1M ee 4aCTH) OLIEHOYHOI'0 CPeACTBA
4 [K-1 Tectbl
OT4€THI 110 JTAOOPATOPHBIM PabOTaM

7.2. TunoBble 321aHUS UM HHbIE MATEPHUAJIbI, HEOOXOAMMbIE JJI1 TEKYIIero KOHTPOJIst
7.2.1. TunoBbLIE TECTOBBIE 3aaHUA
Tunossie npuMepsI 3a1aHUl

JIoMeH — 370 ...

qacCTb aJipeca, orpcaciromad aapeC KOMIIBIOTEPA IIOJIb30BATCIISL B CETU
HAa3BaHUC IMMPOrpaMMBbl, 11 OCYIICCTBIICHUA CBA3H MCXKAY KOMIIBIOTECpaMU
Ha3BaAHUC YCTpOﬁCTBa, OCYHICCTBJIAOUICTO CBA3b MCIKAY KOMIIBIOTCpAMU
CANHHUIAa CKOPOCTH I/IH(I)OpMaI_II/IOHHOFO oOMmeHa

O O O O

bpaysep — a10 ...

cepsep MuTepuera

CPEJICTBO MPOCMOTpa U oMCcKa Web-crpanwuir

YCTPOWCTBO ISl epeayu HHGOpMAaIH 10 TeaeOHHOMN CeTH

O O O O

AHTJIMICKOE Ha3BaHUE JIEKTPOHHOM MOYTHI

ITo4TOBBIIt SIIUK — OTO ...

CIICIINAJIBHOC TEXHUYCCKOC COIJIAIICHUS OJIs1 pa60Tr,1 B CCTU

pa3acit BHEITHEN NaMITU OYTOBOTO CCpBCpa

KOMIIBIOTED, HCHOHB3yIOHlHI>'ICH AJIS TICPECBUIKH 3JICKTPOHHBIX IMTHCEM
Ha3BaHUEC MPOrpaMMbl JIs1 IIEPECBUIKU 3JICKTPOHHBIX ITHCEM

o O O O

JIns1 coequHEHNS] KOMITBIOTEPOB B CETSX UCIIOJB3YIOTCS KaOSIu pa3IundHbIX TUTIOB. J[Jis
nepeaadn nHpopMaIuu, 3aK0JMPOBAHHON B MyYKE CBETA, IPeIHa3HAYEH KaOeb ...
BUTAs Mapa

TenedOHHBII

KOaKCHaJIbHBIN

o O O O

BOJIOKOHHO-OIITUYECKU N

IIporokoi — 310 ...

YCTPOWCTBO TSl MpeoOpa3oBaHus HHpopMaIum

JIUHUS CBSI3U, COCIUHSIONIAsi KOMITbIOTEPHI B CETh

CrelalibHas MporpaMMa, TOMOTaloIIasi TOJB30BATENI0 HAUTH HYKHYIO HHPOPMAIIUIO B CETH
CHelrallbHOe TEXHUUECKOE COTJIalleHUs ISl pabOThI B CETH

o O O O

CeteBoil agantep — 3710 ...
O creuuanbHas [porpamma, 4epes KOTOPYH0 OCYLIECTBIISAETCS CBA3b HECKOJIBKUX KOMIIBIOTEPOB

O CIEUHaIbHOE anmapaTHoe CPeACTBO A 3PHEKTUBHOIO B3aUMOACHCTBHSI TEPCOHATBHBIX
KOMITBIOTEPOB CETU

O cIenuagbHasi CUCTeMa YIIpaBJICHHs CETEBBIMU PECYpCaMu OOILEro 10CTymna
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cucreMa ooMeHa HH(popMaIei Mex 1y KOMIbIOTEpaMHU MO JOKAJIbHBIM CETSIM

Anpec 192.168.1.96 B kauecTBe MPUTOAHOTO ISl UCIIOJIH30BAaHMS ajpeca y3ia Oyaer
COJIEPKaTh MOJICETH ...

192.168.1.64/26

192.168.1.32/27

192.168.1.32/28

192.168.1.64/29

[Tporokonom TCP obGecrieunBaercst PyHKIUA ...
WHKATICYJISIINS JaHHBIX

00HapyKEHUE OTCYTCTBYIOIIUX MAaKETOB

yIpaBICHUE CEAHCOM CBSI3U

OMpCACIICHUEC IYTHU IJIA ITAKCTOB JaAHHBIX

Vxkaxurte HazHauenune cooomeHut ICMP.

COOOIIUTH MapIIPyTU3aTOPaM 00 N3MEHEHUSIX TOMOJIOTHH CETH
obOecneunTh nocTaBKy [P-makera

MPEeIOCTaBUTh 0OpaTHYIO CBsI3b O nepenayax [P-makera

HaOII0aTh 32 MIPOIIECCOM pa3pelieHus JOMEHHOro uMeHH B IP-anpec

YKaxute YTBCPKIACHUC, KOTOPOC OIIUCHIBACT (bYHKI_[I/II/I IIPOTOKOJIa pa3pCUICHUA aIpCCOB
(ARP)?

ARP ucnons3yercs miist oonapyskenus [P-agpeca mo6oro y3ia B Ipyroi ceTH.

ARP ucnons3yercst ayis ooHapyxeHus [P-agpeca mo0oro y3i1a B JIOKaJILHON CETH.

ARP ucnons3yercst qiist ooHapyx)enus MAC-aapeca q1000r0 y3i1a B Ipyroi ceTu.

ARP ucnonszyercs st ooHapyxenuss MAC-aapeca 1:000ro y3ia B JOKaJIbHOM CETH.

VYkaxute yactHsie |P-aapeca.
010.1.1.1

0 172.32.5.2

0 192.167.10.10

O172.16.4.4

[0 192.168.5.5

O 224.6.6.6

KomnproTep B JaHHOW CETH B3aUMOJAECHCTBYET C ONMPEACTEHHON IPYIINON KOMIIBIOTEPOB.
YKaxXuTe TUIT KOMMYHHUKALUU.

IIHUPOKOBEIIATEIbHAA PACChLIIKA

MHOTroaaApeCHasA pacChblIKa

oaHOaApeCHAd pacChlIIKa

ARP

HTTP

VYkaxuTe METOJl, KOTOPBI MOKET UCMOJIb30BATHCS IBYMSI KOMIIBIOTEPAMU JJIS
MPEIOTBPAICHUS TTOTEPH TTAKETOB M3-3a CIIUIIIKOM OBICTPOH Mepeiadu O0IBIIIOrOo
KOJINYECTBA TAHHBIX.

HWHKAIICYJISII A

yIpaBJICHUE TOTOKOM

METO/J] JOCTyMa
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BpCEMA OKUAaHU OTBCTA

VYkaxute cranaapt IEEE, koTopblii mo3BoJisieT 6€CIpOBOIHON CETEBOM TIaTe
MOJKJII0YATHCS K OECIIPOBOHOM TOUKE AOCTYIA, pa3pabOTaHHOU JPYTrUM
MIPOU3BOJIUTEIIEM?

802.1

802.11

802.3

802.2

3anonauTe mycroe nose. Mcnonp3yiiTe qecITUUHbIN (opMaT ¢ TOUKAMH.
['pynmoBas mMacka, cBsizaHHas ¢ ceTbio 192.168.12.0/24, —

R1# configure terminal

Enter configuration commands, one per line. End with CHNTL/Z.

Rl (config)# acoe=ss-list 120 deny ip 152.168.20.0 0.0.3.255 10.0.10.0 0.0.0.255
Rl (config)# acocess-list 120 permit tcp 192.168.22.0 0.0.0.15 10.0.10.0 0.0.0.15 eq 23
Rl (config)$# access-list 120 permit ip any any

Rl (config)# line vty O 4

Rl (config-line)# password admin-in

Rl (config-line)# access-class 120 in

Rl (config-line)# exit

Rl (config)# interface fastEthernet 0/0

Rl (config-if)# ip addre=ss 10.0.10.1 255.255,255.252

Bl (config-if)# no shutdown

Rl (config-if)# ip access-group 120 in

Bl (config-if)# end

R1#

R1# show acocess-lists

Extended IP access list 120
deny ip 192.168.20.0 0.0.3.255 10.0.10.0 0.0.0.255 (16 match(es))
permit tep 192.168.22.0 0.0.0.15 10.0.10.0 0.0.0.15 eg telnet
permit ip any any

R1#

Barnsuaurte Ha pucynok. CeteBoit anmuauCcTpaTop HactpanBaeT ACL-criucok, 4ToObl
orpaHu4uTh coequHenus ¢ VTY -nuausmu mapuipytuzatopa R1 Tonbko pabounmu
cranuusimu UT-iogpaznenenus B cetu 192.168.22.0/28. Ilepen npumenenuem ACL-
CIIKMCKa aJIMUHUCTPATOP MPOBEPsIET pabOTOCIOCOOHOCTh coenuHeHuit Telnet mexmy
paboueii cranmueit ¢ [P-anpecom 192.168.22.5 u mapmpytuzatopom R1. Ho nocrne
npumeHenusi ACL-cnncka k unrepdeiicy Fa0/0 coenqunenus Telnet oTkioHstoTes.
VYKaxuTe BEpOSTHYIO MPUUUHY COOSI COSAMHEHUS.

ACE-3anuch pa3perieHus 3a1a€T HEBEPHBI HOMeEp 1mopTa

CCThb I/IT-HO,Z[paSI(eJ'ICHI/ISI BKJIFOUCHA B UHCTPYKIUIO OTKJIOHCHUS.

B ACE-3amnucu paspeuienus Tpedyercs ykasaTth npotokoin I[P Bmecto TCP

Ha MapuipyTu3aTope R1 He HacTpoeHa koMaH[a enable secret password

koMaHnjia login He BBeeHa st VY -nmuHMI

Korna Ha HrkHuX ypoBHsX Mojienan OSI ucnosib3yroTcst IpOTOKOJIbI 0€3 YCTaHOBIEHUS
COEIIMHEHHUS, YTO OOBIYHO UCTIOIB3YETCS, 9TOOBI 00€CTICUNBATh MOITBEPKICHHE
YCIIEIIHOTO MOJYYEHHUS JAHHBIX U 3aIIPalliBaTh NOBTOPHYIO OTIPABKY YTEPSIHHBIX
JTAHHBIX ?

MIOATBEPKICHUS 0€3 YCTaHOBJICHUS COCTUHCHHUS

MPOTOKOJIBI BEPXHETO YPOBHS C YCTAHOBIIEHUEM COETUHEHUS

IP-npoTOKOIIBI CETEBOIO YPOBHS

UDP-npoToKo0:1b! TpaHCIIOPTHOTO YPOBHS
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VYkaxute, kakoe nosie 3arojiopka [IPv4 orBedaeT 3a onpezeneHnue NpuopuTeTa NakeToB.
METKa IIOTOKa

Guaru

muddepentmpoBannoe oocmyxupanue (differentiated services)

KJ1acc Tpaduka

Mexanusm NAT (nmpeoOpa3zoBaHue CETEBBIX aApeCcOB) HE HYKEH B [Pv6, MOCKOJBKY ...

[Pv6 o6mamaeT HHTETPUPOBAHHBIMU CPEACTBAMH 0€30IaCHOCTH, HET HEOOXOJUMOCTH CKPBIBATh apeca
[Pv6 BHyTpeHHUX ceTeil

1100011 y3€e1 WK MoJIb30BATENb MOXKET MOJIyUUTh MyOIHMUHBIN ceTeBoil aapec IPv6, T. K. cymecTByeT
OTPOMHOE KOJIMYECTBO JOCTYIHBIX ajipecoB IPv6

npo0JeMbl, BbI3BaHHbIE puiiokeHUsIMUA NAT, peraroTcs, MTOCKOJIbKY 3arojoBoK mpoTokona [Pv6o
yIIyqIaeT o0padoTKy MakeTOB MPOMEKYTOUHBIMHA MapIIPYTU3ATOPAMH

po0JIEMbI CO CKBO3HBIM MOAKIIOYEHNEM, BbI3BaHHbIe NAT, pematores, T. K. KOJIMYECTBO MapUIPyTOB
MOBBIILIACTCA C YBEIUYCHUEM KOIMYECTBA Y3JIOB, IOAKIOYCHHBIX K IHTepHEeTYy

[Tone metku notoka (Flow Label) 3aronoska IPv6 ...
OTrpaHU4YMBaCT BPEM: CYHICCTBOBAHUS IMMAKECTA

omnpenenseT o0y JMHy nakera [Pv6o

KJIaccu(UIUPYeT MaKeTHI ISl YIPABJICHUS Ieperpy3KaMu CETH

uH(OPMHUPYET yCTPOKCTBA, UTOOBI TpaduK MPUIOKEHU, paOOTAIOIINX B pealbHOM BPEMEHH,
OTIIPABJISUICA 10 OJHOMY U TOMY XK€ ITyTH

YTtoOBI y3J1aM YAOCTOBCPHUTLCA B TOM, UYTO HUX ITAKCTBI OTIIPABJICHEI 110 BCPHOMY MCCTY
HasHA4YCHHA CCTH ...

UM HY>KHO BECTU COOCTBEHHYIO JIOKAJIbHYIO TaOJIUIly MapIIpyTU3AIH, KOTOpask COAEPKUT MapuIpyT K
loopback-untepdeiicy, MapiipyT oKaIbHON CETH, a TAKXKE YAATEHHBINA MApPIIPYT MO YMOIYAHHIO

OHU BCCTZa HAIIPABJISAOT CBOU IMAKETHI K [UIIO3Y IO YMOJIYaHHIO, KOTOpHﬁ 6y,HeT OTBCYATD 3a JOCTABKY
IMaKE€TOB

OHM BBINIOJIHAOT OMCK MApIIPYyTa K apecy Ha3HAUYEHUsI CETH B COOCTBEHHOM JIOKaJIbHON Tabmuie
MapILIPYTU3aLNN U MIEPEAAIOT 3TN JAHHBIE [IITK03Y 10 YMOIYaHUIO

OHH OTIIPABIIAIOT ITAKET 3aIIpOCca U3y 110 YMOTYAHUIO, YTOYHSA HAWITYyYIIUHA MapIipyT

MapuipyTuzatop B nporecce 00paboTku Tpaduka cpasy mocie Toro, Kak 0OHapy UT
COOTBETCTBHE MEXy [P-aipecom Ha3HaUeHUS U 3aMMCHIO O HEMTOCPEICTBEHHO
MOIKJTFOYCHHON CETH B TAOJIMIIC MapIIPYTHU3AIUH ...

10CJI€ M3YYEHUS TaOJUIbl MapIIPYTU3AUH OTOPOCHUT TpaduK

HAYHET MCKATh B TAOJIMIIE apec Ceayrolero nepexoaa (next-hop)

HAIPaBUT MAKET Ha HETIOCPECTBEHHO MOIKJIFOUEHHBIN nHTepdeiic

npoananusupyer [P-aapec Ha3HaueHMs

VYkaxurte BepHOE YTBEpKIeHUE 00 HHTEpdeiicax MapLIpyTu3aTopa.

UHTEpQEICh TOKATBbHON CETH MapIIPyTU3aTOpa HE aKTUBUPOBAHBI IO YMOJIYAHUIO, IPU ATOM
aKTHBUPOBAaHBI HHTEP(HENCH BHEITHEH CETH MapIIpyTH3aTOpa

1ocJie BBINMOJIHEHUS KoMaHAbl no shutdown uHTepdeiic MmapupyTH3aTopa akTUBUPYETCS U HAUMHAET
paboty

KOMaH/1bl, HacTpauBaronue [P-anpec u macky nmojaceru st uaTepdeiica, BBOIATCS B pEXKUME
r7100a1bHOM KOH(UTYpaIH

JUISL IPaBUJIBHOM pabOThI HACTPOCHHBIN U aKTUBUPOBAHHBINA MHTEpQENc MapIIpyTH3aTOpa TOJKEH
OBITh MOAKIIIOYEH K JPYTOMY YCTPOUCTBY
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Ykaxute KOMaHIy, KOTopasi 0TOOpakaeT CBOJHYIO TabIUIly BceX HHTEP(DEcoB
MapuIpyTu3aropa, ux [P-apecoB u ux Tekyuiee onepanruoHHOE COCTOSHUE.
show ip route

show version

show interfaces

show ip interface brief

TexHU4eCKUi CrieluanucT BPYUYHYH HACTPAauBAaEeT Ha KOMIIbIOTEpE napaMeTpsl 1P,
HEe0OX0aUMBbIE TSl OOMEHa JaHHBIMU 110 KOpHopaTUBHOM ceTu. Ha kommbloTepe yxe
nmeercs [P-aapec, macka noaceru u cepsep DNS. [Ins nocryna B MHTEpHET emé
HE0OXOMMO HACTPOUTH ...

anpec cepepa WINS

ajipec IUTI03a M0 YMOJIYaHUIO

MAC-anpec

HMA JOMCHA OpraHru3anniu

VYkaxure cupaBennuBoe yreepxkaeHue B otHomeHnd NAT s [Pv6.

uHXXeHepHas rpymnma no pa3sututo Untepuera (IETF) otkazanacs or NAT64 B mons3y NAT-PT
ABJISIETCS] BpDEMEHHOM Mepol [uis yrpoieHus nepexoa ¢ [IPv4 na IPv6

npumepoMm peanuzauuu NAT nis [Pv6 sBisiercsa qBoiHON cTek

UCTIONB3YeTCs Ui peoOpa3oBanus yacTHbIX [Pv6-aapecos B myOimunsie [Pv6-anpeca

HHuTepHeT
209.165.200.1/27

192.168.11.11/24 192.168.12.1/24

Rliconfig)# ip nat pool HAT-POOLZ 209.165.200.1 209.165.200.10 netmask 255.255.255.224
Rliconfig)# access-list 1 permit 192.168.0.0 0.0.0.255

Rliconfig)# ip nat inside source list 1 pool HAT-POOL2 overload

Rliconfig)# interface FaDjf0

Blijconfig-if) # ip nat inside

Rliconfig)# interface FaDjf1

Blijconfig-if) # ip nat inside

Rliconfig)# interface SerialDf0f0

Rliconfig-if) # ip nat outside

Barnsnure Ha pucyHok. Mapuipytuzarop R1 Hactpoen miis ucnonb3oBanust PAT.
HazoBute BO3MOXHYIO IPUYUHY TOTO, YTO TPeoOpa3oBaHUe aJpeCcOB B CETH HE
BBITTOJTHSAETCH.

B KadecTBe BHerTHero uatepdeiica NAT gomxken ObITh ykazan uaTepdeiic Fal/l

cnucok access-list 1 HacTpoeH HenpaBUIbLHO

nyl1 NAT-POOL?2 ne npusszan k ACL-criucky

B KauecTBe BHyTpeHHero unrepgeiica NAT nomken ObITh ykazan unrepgeiic S0/0/0
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3anonaute mycroe nose. Mcnonp3yiiTe qecATUUHBIN (opMaT ¢ TOUKAMH.
['pynmoBas macka, cBsizaHHas ¢ ceThio 128.165.216.0/23, —

3anonauTe mycroe nose. Mcnonp3yiiTe qecATUUHBIN (opMaT ¢ TOUKAMH.
['pynmoBas macka, cBsizaHHas ¢ ceThio 192.168.12.96/27, —

3anonHuTe myctoe noiie. Mcnonb3yiiTe necaTuuHblil popMat ¢ TOUKaMHu.
['pynmoBas macka, cBs3aHHas ¢ ceThio 152.115.128.0/17, —

Kpurepun onenkmn:
- OLICHKA «3a4TEHO», €CJIU CTYIEHT JaJl IPaBUIIbHbIE OTBETHI;
- OLICHKA «HE 3aYTEHO», €CIIM CTYAECHT HE CMOT J1aTh IIPABUJIbHBIE OTBETHI.

7.2.2. OT4éTHI N0 JTA0OPATOPHBIM PadoTam

JIABOPATOPHASI PABOTA Nel. PA3PABOTKA CTPYKTYPUPOBAHHOU
KABEJIbHOW CUCTEMBbI JIOKAJIBbHOU KOMIIBIOTEPHOU CETH

Hear pabGorbl: OcBOUTh METOAbI pa3pabOTKW U IOJYYUTh HABBIKM IPU CO3JaHUU
HEOOXOUMOM IS TIepe/iayr JAHHBIX TeIEKOMMYHHKAIIMOHHON HHPPACTPYKTYPHI.

Ilepeyenb o00OpyaoBaHMSI M NPOrPaMMHOr0 oOecrme4YeHHus, He0OXOAMMBIX sl
BbINIOJIHEHHS JIA0OPaTOPHOI padoThI:

OBM c onepanmonnoii cucremoit Windows XP (unu Belilie Bepcusi) wiu cemeiictsa Linux.

TabnMuuHBIN U TEKCTOBBIN MPOIECCOPHI.

KpaTtkoe u3jioxkeHue 0OCHOBHBIX T€OPpeTHYECKMX U METOAMYECKHX ACIIEKTOB PadoThl
CrpykrypupoBanHas kabenbHas cucrtema (CKC) mpexacraBnser coOoil mepapXuieckyro
KaOeNbHYI0 CUCTEMY 3[aHUs WM TPYMIIbI 3JaHUM, pa3elieHHYI0 Ha CTPYKTYPHBIE MOJICUCTEMBI.
CKC cocroutr u3 Habopa MeTHBIX M ONTHYECKHX KaleseH, Kpocc-TaHedel, coelMHUTEIbHBIX
IIHYpPOB, KaOENIbHbIX pPa3beMOB, MOJAYJIbHBIX THE3J, HWHPOPMAIMOHHBIX PpO3ETOK U
BCIIOMOTaTeNbHOrO0 000py/IoBaHUsA. Bce mepeurcieHHble 3J€MEHThl MHTETPUPYIOTCS B €IUHYIO
CHCTEMY U JKCIITYyaTHPYIOTCS COIIACHO OIPEIEJIEHHBIM IIPABUIIAM.

CrpykrypupoBanHass  kaOenbHass  cuctema (CKC)  ocHoBa  MH(pOpManmoHHON
MHQPACTPYKTYpHI JHOO0r0 IpeanpusITHUs, MaciiTada opuca Uin 34aHUs, TO3BOJISIIOIIAs CBECTH B
€IMHYI0 CHCTEMY MHOXECTBO  HMH(OPMALMOHHBIX  CEpBUCOB  pa3HOrO0  Ha3HAYEHUS,
MpeIHa3HAYEHHBIX JUIsl TepeJaud: KOMIbIOTEPHBIX, TENE(POHHBIX, MYJIbTUMEIUMHBIX U BUIEO
JAHHBIX, CIIy’)KeOHON IM(PpPOBOH W aHAIOrOBOM HHGPOPMALIUKM CUCTEM YIPABICHUS, CHCTEM
0e30macHOCTH W BHAE€O HaOmomeHWs W T.Ja. MmenHo mostomy Tak Benmuka poiab CKC mpu
MOCTPOCHUM KOPIOPATUBHOM WH(POPMALIMOHHON CHUCTEMBI: OT TOrO, HACKOJIBKO  I'PaMOTHO
BbimonHeHa CKC, 3aBUCAT HaleXHOCTh M 0€30MacHOCTh PA3IUYHBIX oOIepalnuii, 6e3 KOTOpBIX
HEBO3MOXKHA JIESITEIbHOCTh COBPEMEHHOro npeAnpustus. OCHOBOM 10001 MHPOPMAITMOHHON U
TEJIeKOMMYHUKAIIMOHHON HH(PACTPYKTYphl COBPEMEHHOTI'O 3/1aHUS SBIISETCS CTPYKTYpPUPOBaHHAS
kabenpHast cuctema. Ot paborocnocoonoctn CKC 3aBucur OecnepeOoifHas pabota
MH(OPMALIMOHHBIX CUCTEM HPEIIPUSITHS.

Bce cymecTByronue 1 co3naBaeMble KaOelnbHbIE CUCTEMBI 3/IaHUI MOYKHO Pa3/eNuTh Ha 2
TPYIIIIBL:

0 KabenbHBIC CHCTEMBI «IT0]] KOHKPETHYIO TEXHOJIOTHIO MTepeIauu JTaHHBIX)
0 CrpykrypupoBannbie kabeabubie cucteMbl (CKC)

[IpumepoM mepBbIX MOTYT CIYy>KUThb KaOeibHas cucTeMa i KOMIIBIOTEPHOM ceTu U
tenedonHas pa3Boaka BHyTpH 3aaHus. CKC mpoekTupyercs U CTpOUTCS A Mepeaay pa3HbIX



BUZOB MH(MOpMAIMHM, HO TNPAKTUYECKH B OOJBIIMHCTBE CIIy4yaeB ATO OTPAHUUYMBACTCS
KOMIIbIOTEPHBIMU U TEJIE(OHHBIMU CETSIMHU.

Cy11ecTBYIOT 1Ba BApUaHTa apXUTEKTYPbl IPOBOJIKU:

0 TpaguiMoHHas apXUTEKTypa HEPAPXUUECKOMN 3BE3JIBI |
0 apXUTEeKTypa OJHOTOYEUHOIrO YIPABICHHUS.
ApXHUTEKTypa UEPapXUUECKOM 3BE3bl MOXKET IMPUMEHATHCS KakK JUIs IPYNIbl 3AaHUN, TaK U

JUTSL OJTHOTO OTAENBbHO B34TOrO 3AaHus (cM. Pucynok 1). B nepBoM cinydae nepapxuueckas 38e3/1a
COCTOUT W3 LIEHTPAJBLHOTO KpOCCa CHUCTEMBI, TJABHBIX KPOCCOB 3JaHUM U TOPU3OHTAJIBHBIX
9TaXHBIX KPOCCOB. LleHTpanbHBIM KpPOCC CBSA3aH C IVIABHBIMM KpPOCCaMH 3JAaHUM IIPU IIOMOILU
BHEIIHUX KaOenei. DTaxHbIe KPOCChl CBS3aHBl C TJIABHBIM KPOCCOM 3/aHus KaOelasiMu
BEPTUKAIBHOIO CTBOJNA. BOo BTOpOM cilydyae 3Be3/la COCTOMT W3 TIJIABHOTO Kpocca 3HaHMsl U
TOPU30HTAIBHBIX 3TAXHBIX KPOCCOB, COCIMHEHHBIX MEXIY CO00i KabelsMH BEpTUKAIbHOTO
CTBOJIA. APXHTEKTypa HEpapXHUecKOd 3Be3bl 00ECIeYMBAET MAKCUMAIBHYIO THOKOCTh
yIpaBIeHUS 1 MAKCUMAIIbHYIO CIOCOOHOCTD aJJalTallii CUCTEMBI K HOBBIM MPHIIOKECHUSIM.

MoacucreMil Kamnyca

Pucynok 1 ApxutexTtypa nepapxudeckon 3Be31bl

ApPXUTEKTypa OJHOTOYEYHOIO aJIMUHHMCTPUPOBAHUS pazpaboTaHa s MaKCHMaJbHOM
pocToThl ympapieHus. OOecnieunBasi MPSIMOE COEIMHEHUE BCEX padOYUMX MECT C TJIaBHBIM
KpPOCCOM, OHa IIO3BOJIAET YIPABIATH CUCTEMOHN U3 OJHOM TOYKHU, ONTUMAJIBLHOM IJIs PACIIONOKEHUS
LEHTPAJTU30BaHHOTO AKTUBHOTO 000pynOBaHUSA. AJMHUHMCTPUPOBAHHE B OJHOM  TOYKe
obecrieynBaeT MpocTeiilliee ympaBleHUE IEeMsIMH, BO3MOXHOE Onarojaps HCKIHOYEHUIO
HEOOXOIUMOCTH KPOCCHPOBKM 1€l BO MHOTHX MecTax. ApPXUTEKTypa OJHOTOYEYHOrO
aIMUHUCTPUPOBAHUS HE IIPUMEHSETCS JJIs IPYIIILI 31aHUMN.

Kaxmas apxutekTypa uMeeT cBou npeumyiiectsa (cMm. Tabmuma 1), KoTopble ClieayeT UMETh
B BUJy NIPU BBIOOpE KaOENbHOM CUCTEMBI.

Tab6muma 1
OnHoTOYEeYHOE
[IpenmytecTBa apXuTeKTypbl IpoBOAKH | Mepapxuueckas 3Be3a
aJIMUHHUCTPUPOBAHUE
HaunbGonee rubkoe ynpapieHue X
HauGonpmas cmoco6HOCT K X
ajanrtanuu

LlenTpann3oBaHHOE yNpaBIeHUE X
Pacnipenenennoe o6opyaoBanue X

IlenTpanu3zoBanHOe 000PyI0BaHNE X
Haubonee rubxoe ncnosib3oBanue X

AKTUBHOT'O 00OPYIOBAHUS




IIpocToTa TEXHUYECKOTO X
o0cTy)KMBaHUS

ITonHOE COOTBETCTBUE CTaHAAPTAM X X npu qmHax 10 100 m

HectpykrypupoBanHast kabenbHasi CHCTEMa CTPOMTCS OBICTpee, HO €€ Topas3io CIOXKHee
MOJIEpHU3HUPOBaTh. HecTpyKTypupoBaHHAsh TPOBOJIKA JUIsl JIOKAJIBHBIX CeTeH H TeneOHHH
coxpaHnsercs 6e3 nmepeo0opy0BaHus B TeUECHUE 3-5 JIeT, U1t CUCTEM HAOIIIOICHUS M KOHTPOJIS — B
teueHue 2-3 yiet. B To e BpeMst CTpyKTypupOBaHHAsI CHCTEMA CTPOUTCS] OCHOBATEIIBHO, KaK BCSIKOE
JOJTOBPEMEHHOE COOpYXkKEHHEe. B CTpyKTypHpOBaHHYIO KaOEIbHYIO CHCTEMY 3aKJIa/bIBacTCs
CTPYKTYpHass ~ W30BITOYHOCTH,  IPEIyCMaTpUBAIONIAs  JOMOJHHUTEIbHBIE pado4yre MecTa,
BO3MOYKHOCTH TIepeMelieHus o0opynoBanus U nepcoHana. W30eirouHocts CKC  Tpebyer
JOTIOJTHUTEIIPHOTO KOJIMYECTBAa Kalels, pO3eTOK, Kpocc-maHeneid. OIHAKO JJIOTOJHHUTEIbHBIC
KalmuTajabHbIe 3aTpaTthl, HeoOXomumMble s cozmanus CKC, ObICTpO OKymarTcs B Iporecce ee
IKCILTyaTaIuHy.

[MpeumymectBa CKC Hag 0OBIYHBIME KaOETbHBIMU CHCTEMAMHU:

0 s mepenavu qaHHBIX, TOJIOCA U BUACOCHTHAIA MCIIONIB3YETCS CIHMHAS KaOelbHast CUCTEMA;

0 uCcrons30BaHHE YHUBEPCAIBHBIX PO3ETOK HA PabOYMX MECTax MO3BOJISET MOAKIIOYATh K HUM
pa3IuyYHbIE BUIbI 000PYA0BaHUS;

D OIMPaBABIBAIOT KAITMTAJIOBJIOXKCHHUA 3a CUCT JJIMTCIBbHOI'O UCITIOJb30BAHUA U OKCILTyaTallun
CeTH;

0 006mamaroT MOMTYIBHOCTHIO M BO3MOXKHOCTSIME BHECCHUSI N3MCHCHHU I M HApAIUBaHUs 0¢3
3aMEHBI BCEU CYLIECTBYIOIIEH CETH;

JIOIYCKaOT OJJHOBPEMEHHOE UCITOJIB30BAaHNE HECKOJIBKUX Pa3JIMYHBIX CETEBBIX IIPOTOKOJIOB;
HE 3aBUCAT OT U3MEHEHUI TEXHOJOTUH 1 MOCTaBIIUKa 000PYJOBaHMS;
HCIIONB3YIOT CTAaHJAPTHBIE KOMIIOHEHTBI U MaTe€pUalbl;

I Y s |

AOIMYCKaroT YHOpaBJICHUC n AIMUHHUCTPHUPOBAHUC MHWHHUMAaJIbHBIM KOJIMYECTBOM
O6CJ'Iy>KI/IBaI-OH_[eFO epcoHala,
0 ITO3BOJIAIOT KOM6I/IHI/IpOBaTL B OHHOﬁ CETH BOJIOKOHHO-ONTHYECKUHN U MCHHBIﬁ Ka6eﬂ]’:;

dusnuecku CKC cocTtout us:

Kabenei

KOMMYTAaIlMOHHBIX MTaHeseH
MH(OPMALIMOHHBIX PO3ETOK
KOMMYTAIIMOHHBIX [ITHYPOB

s s o |

Pazpabotka u co3anue CTpykTypupoBaHHoi kabenbHOU cucteMbl (CKC) BKiIrodaeT
CIIEAYIOIINE ATAIBL:

0 HmxenepHoe obcnefnoBanue o00beKTa W pa3pabOTKa TEXHHYECKOTO 3aJaHus
[peIBapUTEIILHOM OLICHKOI CTOMMOCTH MPEANOIaraeMbIX 3aTpar.
0 TIIpoexruposanue CKC.

0 Monrax CKC.
[ TecrupoBanue ¥ AMarHOCTHKA KaOEIBHOM CHCTEMBI (BOJOKOHHO-OIITHYECKUM U MEIHbIN
CErMEHTHI).

0 Pacmmpenvie wiv MOJICpPHU3AIHS ICUCTBYIOIIMX KaOCIbHBIX CHCTEM 0€3 HapYIICHUS MX
paboTOCIIOCOOHOCTH.

0 TapautuitHoe U moCTrapaHTHIHOE 0OCTyKUBaHHE (aIMUHUCTPUPOBAHUE, CCPTUDUKAIIUS,



i

o0ydeHure IKCIUTyaTaIliH).
N3rotoBneHne HeCTaHAAPTHBIX KOMMYTAIIMOHHBIX ITHYPOB (OMTHKA, ME/Ib), U3TOTOBICHUE
pasBetrBuTenei (Y-amantepos).

Heo0Oxonumocts co3nanust CKC cBsizana B IEpBYIO Ouepe/ib ¢ HAIMYUEM U COCTOSIHUEM YKe

UMCIOIINXCA KaOeIbHBIX KOMMyHI/IKaI_[I/Iﬁ .

IIpoextupoBanue u MoHTaxx CKC 3x0HOMUYECKH OIIpaB/AaHbl, €CIH:

ka0esbHasi cUCTeMa CO3/1aeTCsl B HOBOM 3[JaHHH, I7Ie OTCYTCTBYET HH(POPMAIIMOHHAS
kabenbpHast HHPPACTPYKTYpa;

HEOOXOIMMa KOMIIbIOTEpPHAsl CeTh, a Tele(OHHAas MO KAaKUM-THOO MPUYMHAM JIOJKHA OBIThH
MOJICPHU3UPOBaHa B TEUCHHE ONmxanmmx 2-3 neT;

Ha3pena HEOOXOAMMOCTh 3aMEHBl CYMIECTBYIONIMX KaOeNbHBIX CeTeld U3 COOOpaKeHUi
HAJEKHOCTH, TPOU3BOIUTENILHOCTH UIIH SPTOHOMHYHOCTH.

[Ipu mpoektupoBannu CKC HeoOXOOMMO yUUTHIBATH Psii TPEOOBAHHM Ui TOTO, YTOOBI

MOCTPOUTHh KaOCIbHYIO CHCTEMY, OTBEYAIOIIyI0 CTaHaapTaMm. TOJBKO MPH TaKOM MOAXOAC K
coznannio CKC BO3MOXXHO TOJYYHTh CHUCTEMY, KOTOpas Oy[eT CIyXHThb JIOJTHE TOAbl U HE
noTpedyeT MOJCPHU3AINN U 3aMEHBI.

]

TpeboBanus nmpu npoektupopanuu CKC:

CKC nomkHa ObITh CIIPOEKTUPOBAHA C U30BITOYHOCTHIO 110 KOJIUYECTBY MOAKIFOUEHHH;
CrtpykTypupoBaHHass KaOelbHas cHCTEMa JIOJKHA OBITh BBIMOJHEHA B COOTBETCTBUU
CTaHJIapTaM — MEXAyHApOIHBIM, €BporeiickiuM, aMmepukanckuM. Takum kak ANSI/EIA/TIA
568, ANSI/EIA/TIA 569 ut.x.

Pabouee MecTo TOHKHO UMETh, KAK MUHUMYM, OJJMH pa3zbeM [uid nojkimodenus Kk JIBC u onun
pazbpeM s HOJKIIOUEHHS K TeleQOHHOM ceTH;

MaxkcruManbHOE pacCcTOSIHUE TOPU3OHTAIBHOM MPOBOJIKU HE JOJKHO MpeBbIaTh 90M;
OO6opynoBanue, ucnonb3oBaHHoe s noctpoeHus CKC, m0MKHO COOTBETCTBOBATH, Kak
MUHUMYM, MATOH KaTeropuu;

Kaxxnas muHus cBs3u KaOeIbHON CUCTEMBI OT TOUKH MOJIKIFOYEHUSI OKOHEYHOTO 000pYI0BaHUS
70 TOYKM TMOAKIIOUEHHS K KOMMYTAllMOHHOW NAaHENW [OJDKHA IPOWTHU TECTUPOBAHHME Ha
MPUHA/IJIEKHOCTh, KAK MUHMMYM, K MSITON KaTeropuu;

CKC nomxna obecriedrBaTh ObICTPYIO EPEKOMMYTAILIUIO JTUHUM TOPU30HTAIBLHOM TPOBOKU U
MarucTpajv 3/1aHus;

[Ipoknanky xabemneil B Kopuaopax J0JKHA OCYIIECTBIATHCA 3a (DaIbIINOTOIKOM, €CIIH TaKOBOI
MMeeTCs], a IPU €ro OTCYTCTBUU - B CHEIHMATM3UPOBAHHBIX KaOeab-KaHanax (KopoOax) Wiu B
CYILIECTBYIOIINX 3aKJIaIHbIX;

B paGounx nomerieHusx noaBo kabesns kK pabourM MecTaM MPOU3BOJUTCA B KaOellb-KaHalaX.

Tpu ocHOBHBIX puHLKMA 3a10%keHbl B CKC:

YHUBEpCaATbHOCTh
M306ITOYHOCTE U THOKOCTD
CTpyKTypHpOBaHHOCTb, YCTOMYMBOCTD

YHUBEpCaIbHOCTD

Jlnst mepenaun nanHbix B JIBC, opranm3anuu joKaabHON TenedOHHOW CETH, Teperadd

BUJICOMH(OPMAIINH WK CUTHAJIOB OT JAaTYMKOB MOXKAPHON 0€30MacHOCTH WM OXPAaHHBIX CHCTEM
UCIONIb3yeTCsl enHas kabenbHas cucrema. [Ipu mpoaymMaHHON HWHTErpanuu B UHPPACTPYKTYpPy



3aHUsl CTPYKTYpPHUPOBAHHBIE CHCTEMBI IIO3BOJIIOT ABTOMATU3UPOBATb MHOTHE IIPOLECCH IO
KOHTPOJIIO, MOHHUTOPUHTY M YIOPABIEHUIO XO3SMCTBEHHBIMH CIyK0aMH U CHCTEMaMH
XKHU3HeoOecreueHus. Y HUBEPCAIbHOCTh KaOEIbHON CUCTEMBI BBIPAXKAETCS B TOM, YTO OHA CTPOUTCS
He JJIsl KAKOTO-TO KOHKPETHOTO MPUMEHEHHS, a CO3/1aeTCsl B COOTBETCTBHUHU C MIPUHIIUIIOM OTKPBITOM
ApXUTEKTYpbl U Ha OCHOBE COOTBETCTBYIOIIMX CTaHAApTOB. COBPEMEHHBIE MEXAYHapOIHbIC
CTaHIapThl TPeOYyIOT yHUBEpcadbHbIX KoMIoHeHTOB B coctaBe CKC. Mudopmanmonnsie kadenu
JIOTYCKAIOTCS TOJNBKO JBYX BHJIOB: BOJOKOHHO-ONTHUYECKHE M HA OCHOBE BUTOM mapbl. Kabenn Ha
BUTOI Mape peKOMEHIYETCsl UCIIOIb30BaTh Kateropuid Se u 6. Kareropuu Se BHosiHE JOCTATOYHO
IUIsL Tiepeiayn JaHHbIX 1o npotokony Gigabit Ethernet. Kareropust 6 mpaktudecku HyKHa st
nepeayy MMUPOKONOIOCHOTO TEJIEBUICHUS UITU UHBIX IIHPOKOIOJIOCHBIX MPHUIIOKEHUN C 4aCTOTON
Hecyiei Boime 125 Mri.

KommuectBo I/IH(l)OpMaI_II/IOHHI)IX PO3€TOK Ha KaXa10M pa6oqu MECTEC. HE MCHEC JIBYX.

YHUBEpPCANbHOCTh TAKXKE MOJAPA3yMEBAECT, YTO PO3ETKU JOJDKHBI HMETh MOJYJIbHbBIN
BOCBMUKOHTAKTHBIHN pazbeM RJ45 u Bce 4 nmapbl MpOBOAHUKOB KaOes JOIKHBI ObITh COEIMHEHBI C
KOHTaKTaMu pazbema. LIBeToBas packiaka map JI0JDKHA COOTBETCTBOBATh cxeme S568A mmm S68B.
B ciydae ucnonp3oBaHMs BOJIOKOHHO-ONTHYECKMX pPa3beMOB M PO3ETOK B HACTOSIIEE BpeMs
pexkoMenyeTcst ucnonb3oBath pazbeM SC. Pasvembl ST u FC, go cux mop mpeamounTaemsbie
HEKOTOPbIMM HPEANPUATHSIMU M 3aKa3uMKaMM, MCKIIOYEHbl W3 PEKOMEHJAUMi Ui MX
HCIIOJB30BaHUs BO BHOBB CO31aBa€MbIX CUCTEMaAX.

M306ITOYHOCTE U THOKOCTH

[Mpunnun u36srounoctn B CKC noppasymeBaeT BBeIEHHE B COCTaB KaOEIbHON CHCTEMBI
JIONOJTHUTEIbHBIX MH(MOPMAIIMOHHBIX PO3ETOK, IVIOTHOCTh Pa3MELICHUs KOTOPbIX BHIOMpAETCs HE
TEKyIIUMH TOTPEOHOCTAMH, a HCXOI HCKIIOYUTEIHHO W3 IUIOMIAId, TOIOJIOTUH pabounx
MIOMEIICHUH U 3PrOHOMHUYECKUX ITapaMeTpoB NoMeleHuil. T.e. Bo BceX 0(hMCHBIX TOMEIIEHUSX, Ha
Kaxaple 5-6 M 2 TpPOEKTHPYETCS M CO3JaeTCs OAHO pabodyee MECTO C MHUHHMYM JBYMsI
uHGOpMallMOHHBIMM  po3eTkamMu. [Ipu Oosee BBICOKOH HadanbHOM CTOMMOCTH MPUHIIMII
M30BITOYHOCTH UMEET OYEBUIHOE MPEUMYIIECTBO: MPH JIFOOBIX MEPECTAaHOBKAX, TEPEMEIICHUIX
OTJENbHBIX COTPYJHUKOB U LIEJBIX OTJEJIOB HUKAKUX PACcXO/I0B IO NepeeKe KabeabHON CUCTEMbI
He notpedyerca. CKC no3BostoT ObICTPO U JIETKO U3MEHATh KOH(PUTypaluio KaOelIbHOM CHCTEMBI
U YIIPABICHUIO MTEPEMEIEHUSIMHI BHYTPH 3AaHUS U MEXy 31aHUAMHU. J[J1s1 3TOro aIMUHUCTPATOpy
CeTH JOCTAaTOYHO NEPEKOMMYTHPOBATh KOHTAKTHI Ha KPOCCHPOBOYHBIX TAHENSX. JTO MO3BOJISET
obecreynTh ruOKoe M3MEHEHNE paboYuX MECT COTPYHUKOB U MOJTHOE U3MEHEHUE KOH(DUTYpaluu
CHCTEMBI, BKJIIOUas 3aMEHY U J00aBieHne 000pyJ0BaHUsl, paclIipeHue cucteMsl. Takum o6pasom,
OpraHu3aIys HOBBIX pabOYUX MECT, MPHUCIOCOOJIEHUE MO KOHKPETHbIE MOTPEOHOCTH 3aKa3unKa,
MIPOUCXOUT OBICTPO U Oe3 HapylIeHus: paboThl opranu3anuu. Kak mokaspiBaeT MpakTHKa, YKE B
nporecce MOHTaXa 3aKa3uuK MPOCUT MPOBECTH JAOMOIHUTENbHbIE JIMHUH CBSI3U, a B TeueHue 1-2
JIET KCIUTyaTaliy KOJI-BO PO3ETOK J0XoAuT A0 pekoMeHnayemoro B CKC ¢ camoro Havana.

CTpyKTypHpOBaHHOCTb, yCTOMYMBOCTD

TmarensHo crnanupoBanHas CKC ycToliunBa K BHEIUTATHBIM CUTYyalWsIM M TapaHTHPYET
BBICOKYIO HAIACKHOCTh M 3aIIUTY AAHHBIX B TCUCHHWC MHOI'UX JICT. Tak OOJBIIUHCTBO BEAyHIUX
npou3BoauTeneil narT rapaHThio Ha noctabisemble MU CKC (mpu BbImonHeHUH TpeOyeMbIX
npouenyp ceprudukanuun) 1o 25 netr. Takum o0pa3zom, CTPYKTypHpOBaHHas KabelbHasi cUCTeMa
SBNISICTCS YHUBEPCAIbHBIM M THOKMM peIleHHEeM 3a7aydl CO3/IaHUS KOMMYHUKAIlMOHHOU
MHPPACTPYKTYPHI 3[IaHUS WU TPYIIIBI 3AaHHI.

CTpyKTYypHpOBAaHHOCTh 3aKJIIOYaeTCd B pa30MEeHHH KaOelbHON CHUCTEMBl Ha OTACIbHBIC
MOJICUCTEMBI, BBITIOJHSIOIINE CTPOTO OIpeneieHHble (QyHKIuU. YeTkoe pasieneHue Bcel
KaOeTbHOW CUCTEMBI Ha MOJCUCTEMBI: TIOJICUCTEMA pabodyero Mecta, TOpU30HTaIbHAs MOCUCTEMA
(3Taxka), BepTUKAJIbHAS TIOJICHCTeMa (MarucTpaJid 37aHusl), TIOJICHCTEMa MAaruCTpain KOMILJIEKCa
SHaHHﬁ. K xomnonenram Ka)K,Z[OI\/'I MOACUCTEMBI CTaHAAPTAaMU HNPCAbABIIAIOTCA Pa3JIMYHBIC
TpeOoBaHUsI TO JTMHE Kabeneu, MmoxapoO0e30MmacHOCTH M T. 1. BrepBble CTPYKTypUpOBaHHAs



kabenpHas cuctema (CKC), momyuuBmas nHazBanme SYSTIMAX, Obuta mpemioxena ¢upmon
AT&T B nHavame 80-x romoB. B cepemmne 80-x Havamach pa3paboTKa CTaHAApTOB Ha
TEJIEKOMMYHHUKAIIMOHHBIE KaOeIbHbIE CUCTEMBI. B pe3ynbraTte ycunuii Accouuaryy 3IeKTPOHHON
npombinuieHHOCTH (EIA), Acconmanmuu TeaeKOMMYHUKAIIMOHHOW mpoMbiiuieHHocTd (TIA),
aMEepUKaHCKOW wucchenoBarenbekoir opranmzanuu  Underwriters Laboratories (UL), dupmsl
ANIXTER, MexnaynapoaHoit opranuzanuu 1o craggaptuzanuu (ISO) m MexayHapoaHou
anekTporexHudecko komuccuu (IEC) ObuiM BBIMYyLIEHBI psJl CTaHAAPTOB IOCBSIIEHHBIX
CTPYKTYpUPOBAHHBIM KaOEITbHBIM CUCTEMAM.

B nacrosiee Bpemsi A€HCTBYIOT TP OCHOBHBIX CTaHapTa, uMeromux oTHomeHue k CKC:

0 Mexnynaponnsiii ISO/IEC 11801 - Information Technology. Generic cabling for customer
premises;

0 Awmepukanckuit ANSI/TIA/EIA 568A - Commercial Building Telecommunications Wiring
Standard;

0 Esponeiickuii (nus crpan Esponeiickoro coroza) CENELEC EN 50173 - Information
Technology. Generic cabling systems.

Bo Bcex Tpex cranmaprax 3ajioKeHbl OJHU U Te ke mpuHimibl, T.e. CKC orBeuaromias
TpeOOBaHUSM OJHOTO U3 CTAHAAPTOB, OyJIET COOTBETCTBOBATh OcTaibHbIM. Ha Teppuropuro Poccun
pacnpoctpansiercss neiicteue cranmapra ISO/IEC 11801, mockonbky Poccust BXOauT B cocTaB
MexnyHapoanoit opranumzanuu 1o crangaptuszauuud  (ISO). Tlo kpuTepuro mpomycKHOM
CIOCOOHOCTH TO/IBOJIKA HA MEAHOM Kabelie B COOTBETCTBUH CO CTAaHIAPTaMU JACITUTCS Ha KATErOPHU
U KJIaCChl - HAYMHAas ¢ Kareropuu 1, kiacc A.

CKC moskeT cocTosTh U3 TH000M WK BceX HUKE MepeurcieHHbIX noacucteM (PucyHok 8):

IToncucrema paboyero Mmecra
I'opusoHTaneHasgnoacucTeEMa

MarucTtpanbHas nojacucreMa

IToncucrema o6opynoBaHus

MarucTpaiib KOMITIEKCa 31aHUi (BHEIIHSIS TTOACUCTEMA)
AJMUHUCTpaTHBHAA MTOJICUCTEMA

I o s Y |

-

3 BepTtukanbHas
e B —— 1 ——— - Lol NOACHCTEMA

— .

— N
< ™~

['opusoHTanpubie
MO/ACUCTEMBI

Pucynoxk 2 Uepapxus kadeabHbIX moacucreMm JIBC B 31anuu

[Toxcucrema paboyero mecra



IToncucrema pabouero Mecta mpeHa3HAYCHA IS MMOAKIIOYEHNS KOHEYHBIX MOTpeOuTenen
(KOMIIBIOTEPOB, TEPMHUHAJIOB, NMPUHTEPOB, TeIe(POHOB M T. A.) K HMH(POPMAIMOHHON pPO3ETKE.
Brirouaer B ce0si KOMMYTallMOHHBIE KaOeNu, ajamnTephbl, a TaKKe YCTPOWCTBA TO3BOJISIONINE
MOJIKITIOYATh OKOHEUYHOE 000PYI0BaHUE K CETH Uepe3 HHPOPMAIIMOHHYIO PO3ETKY.

FOpI/I3OHTaHBHaH ImoacucreMa

l'opu3oHTanbHast MOACHUCTEMA IOKPHIBACT IPOCTPAHCTBO Mexay MHpopmannoHHOM
pO3eTKOM Ha paboueM MecTe U TOPU30HTAIbHBIM KPOCCOM B TEJIEKOMMYHUKAIIMOHHOM IKady. OHa
COCTOUT U3 TOPH3OHTAJIBHBIX Kabesei, WH(OPMAIMOHHBIX PO3ETOK M YaCTH TOPU30HTAIHHOTO
Kpocca, KOTopasi 00CIyKUBAaeT OpU30HTaIbHbBIN KaOenb. Kaxaplii 3Taxk 31aHUsI PEKOMEHyeTCs
o0CITyXKUBaTh CBOCH cOOCTBEHHOU [ OpH30HTaIBHOMN MOACHCTEMO. Bee ropu3oHTabHBIE Ka0eH,
HE3aBUCHMO OT TUIA Iepejaroliell cpeabl, He A0DKHBI mIpeBbliaTh 90 M Ha ydacTke OT
MH(POPMAIIMOHHOM PO3ETKH Ha pabovyeM MecTe 10 TOpU30HTaIBHOTrOo Kpocca. Ha kaxmoe pabouee
MECTO JIOJIKHO OBITh IIPOJIO’KEHO KaK MUHUMYM JIBa TOPU30HTAIBHBIX KaOes.

MarucrpanbHas nojacucreMa

MarucrpaiibHas OACUCTEMA COEAUHSET INIaBHBIM KPOCC B allllapaTHOM C IPOMEXYTOYHBIMU
KpOCCaMU M C TOPU30HTaJIBHBIMM KpoccaMu. MarucrpanbpHas NOJCHCTEMA JOJDKHA BKIIIOYaTh B
ce0s1 kalenb, YCTAaHOBJIEHHBIH BEPTHKAIBHO MEXIY 3TaXHBIMM KPOCCAMH B MHOTO3Ta)KHOM
3/laHuH, a TaKXKe Kalenb, YCTaHOBJICHHBIN TOPU30HTAJIBHO MEXAY KpoccaMu B IPOTSHKEHHOM
31aHUH.

[Toncucrema obopynoBaHus

[Toncucrema 000pyI0BaHUSI COCTOUT U3 3JIEKTPOHHOTO 00OPYAOBaHMS CBSI3U KOJUIEKTUBHOTO
(o0b1Iero) MCMOIB30BAaHUS, PACHOJIOKEHHOTO B alMapaTHOM WM B TENEKOMMYHHKAIITMOHHOM
mkady, W Tepenaromied cpenbl, HEOOXOAUMON s MOIKIIOUEHHS K pPaclpeieauTeIbHOMY
000pyI0BaHHIO, 00CTYKUBAIOLIEMY TOPHU30HTAIBHYIO HIIM MaruCTPalbHYIO MOJCUCTEMBI.

Marucrpainp KoOMILIEKCa 31aHUI

Korma «kaGenpHas cucTeMa oOxBaTblBaeT Oosiee OJHOTO  3/1aHUS, KOMIIOHEHTBI,
o0ecreynBaoIUe CBSI3b MEXIY 3JaHUSAMM, COCTaBIAIOT Marucrpaib KOMIUIEKCA 3/aHuil. OTa
MoJIcCCTeMa BKIIIOYAeT B ceOs cpely, MO KOTOPOM OCyIIEeCTBISEeTCs Meperaya MarucTpaibHbIX
CUTHAQJIOB, COOTBETCTBYIOIEE KOMMYTALMOHHOE OOOpPYJOBaHUE, INPEAHA3HAYEHHOE IS
TEPMUHUPOBAHUS JAHHOI'O THUIIA CPEIbl, U YCTPONCTBA IEKTPUUYECKOMN 3aIUTHI IS MIOJABICHUS
OMACHBIX HANpPsDKEHUH TpH BO3JEHCTBUM HA CpeAy TIpO30BOTO W/MIM BBICOKOBOJBTHOTO
AJIEKTPUUECTBA, TUKH KOTOPBIX MOTYT IPOHHUKATh B KaOelb BHYTPHU 3JJaHUS.

A,Z[MI/IHI/ICTpaTI/IBHaH oaACUCTEMA

A)IMI/IHI/ICTpaTI/IBHaSI noacucTeMa O6T)eJII/IH5[eT BMCECTE, ICPCUYHCIICHHBIC BBIIIC ITOJCUCTCMBI.
Cocrout wu3 KOMMYTAallUOHHBIX Ka6eJ'IefI, C MOMOHIBIO KOTOPBIX MPOU3BOIHUTCA (1)I/I3I/I‘{CCI(OC
COCAUHCHUEC pa3Jn4YHbIX IIOACUCTEM, HW MApPKUPOBKH  JJIA I/I)IeHTI/I(bI/IKaI_[I/II/I Ka6eﬂe171,
KOMMYTAlIUOHHBIX MmaHenen u T.A.

WNudopmanus, Heobxoaumas Jisi cocTaBlieHUs: cMeThl Ha moctpoenue CKC:

0 TlosTaxXHBIH IUTaH MTOMEIIEHHS, TEPPUTOPUHE OOBEKTOB, TJE MPEAIONIAracTCs pa3BePTHIBAHUC
CKC c pazmepamu;
0 Pasmemienre paboynmx MeCT Ha IUIAHE I[OMEHIEHHS W WX COCTaB  (KOJMYECTBO



MH(POPMAIMOHHBIX, TeJIe()OHHBIX PO3ETOK, CHIOBBIX PO3ETOK «YHCTOTOY» MUTAHHS, OBITOBBIX
CHJIOBBIX PO3€TOK);

0 Kemaemsiii npousBoaurens CKC (Dkcanan, EBponan, Nexans, Molex, Signamax u T.I1.);

.

Hannuue u koMuecTBO IEHTPOB KOMMYTAIMK (KOMMYHHUKAITMOHHBIX KA(OB U UX pa3Mep);

0 TexHMYECKHE YCIOBUSA MOHTaKa — TE3UCHI TeXHUUEeCKOro 3ananus (T3), a MMEHHO (3KeIaeMble
CXEMbI TPOKJIAJKU KaOCIbHBIX TPACC, HMCIOJIb30BaHHE KaOENBHBIX JIOTKOB M KaHAJIOB C
yKa3aHUEM pa3Mepa, TUI YCTAHOBKHU PO3E€TOK — BHYTPEHHUHN WJIM HAKJIATHOM MOHTAX, HaJTUYHe
TOTOBBIX KaOENbHBIX KOMMYHHKAIIMH, IIAXT, KOJOALEB, Maructpaiei, ornop JIDII, pemaembie
3anmauu, Torosoruto u cranaaptel CKC);

0 Cpoku HCIIOIHEHHS.

IIpumep BbINOIHEHHS 1a00PaTOPHOI padOThI

3aI[aHI/Ie Ha BBIINIOJIHCHHUEC pa60TBI

Tabmuna 2 Paccrossnue | KommdgecTBo BricoTa Jnnna staxka | Kos-po 11K
MEKIY STaxen JTaxa
31aHUSIMU
4 1100 3 3.2 19 20

B cetu HE0OX0OAMMO yCTaHOBUTD:

1) 4 daiin-ceprepa;

2) 4 TepMuHaI-CcEpBEPA;

3) mpUHT-cepBep Ha KaKIOM dTaKe 000UX 3/1aHUIA,

4) 2 SQL-cepsepa;

5) 1 nutro3 B uaTepHET 100 MOUT/C.

Heo0OxoaumMo cripoeKTHpoBaTh CXeMy CETH M pacCuMTaTh ATUHY KaOems sl COeAMHEeHUS
Bcex 1K B CKC.

Hcxons 13 MMEIOUIMXCS pa3MepoB MOMEIICHUH OyAeM MPOeKTHUPOBaTh BEPTUKAIBHYIO U
TOPU30HTANIBHYIO TOJCUCTEMbI 37aHuil Ha ocHoBe kabemst UTP-5. Jlns mocTpoeHus cetu Ha
KaX/1I0M 3Ta)ke 37JaHUil HEOOXOIMMO CMOHTHPOBATh KPOCCOBBIH HIKad.

[IpenBapuTeIbHO MPUHSITO PEIICHWE O TOM, YTO (halIoBBIE W TepMHHAI-CEpBepa OyIyT
pacmnonaratecs Ha 1 1 3 sTaxkax 37aHui 1715 Oosiee paBHOMEPHOTO pactpe/ieNieHus 3arpy3KH CETH.
SQL-cepBepsl pacrmojioKeHbI Ha TEPBBIX JTaxkaXx 3AaHuWid. l[lepedncieHHOe 000pYIOBaHHE
MOJIKJTFOYAETCS C CeTU MPU MTOMOIIH MMaTY-KOPJOB HAMIPSAMYIO B KOMMYTATOPBI.

KomnbroTepsl moJib30BaTesieil NOAKII0YA0TCA Y€PE3 PO3ETKH MaTY-KOPAaMHU.



A

30 M

v

19 M

TalluOH

Kommy
HBIH

SQL-cepBep

KOMMYTAal1Oo
HHas [aHellb

daiin-cepsep

TepMHUHAI-
cepBep

Pucynok 3 Cxema pacnosoKeHHus y3JI0B CETH Ha 3Taxe

Pacuer 3aTpar kabes:

poO3eTKaMu, M

[Tepumetp sTaxa, m 120

Koan4uecTBO po3eTok ams 11K, 16
HITYK

CpenHee pacCTOsHHE MEXTY 7,5

PaccuuTaem paccrostuus 1o Beex IIK ot kpoccoBoro mikada. [IpumeM HeoOX0oaUMBIH 3amac
kabens B 1,15 metpa (1 meTp Ha MOHTax B KpoccoBoM mikady u 0,15 meTrpa Ha MOHTax Kabens B

PO3ETKY).
Pacuér ropu3oHTAIBLHON MOACUCTEMBI
KOMIIBIOTEPBI pacxon 3amac Ha 3amac Ha 3arpatsl, M
Kabens Ha PO3ETKH, M KOMMYTAIHI0, M
COEIMHEHUE, M
1 3,75 0,15 1 4,9
2 11,25 0,15 1 12,4




3 18,75 0,15 1 19,9
4 26,25 0,15 1 27,4
5 33,75 0,15 1 34,9
6 41,25 0,15 1 42,4
7 48,75 0,15 1 49,9
8 56,25 0,15 1 57,4
9 56,25 0,15 1 57,4
10 48,75 0,15 1 49,9
11 41,25 0,15 1 42,4
12 33,75 0,15 1 34,9
13 26,25 0,15 1 27,4
14 18,75 0,15 1 19,9
15 11,25 0,15 1 12,4
16 3,75 0,15 1 49

Hroro nymua kadens (M) 498.,4

Uroro nuna Ha 3panue (M) 1495,2

Pacuer BepTI/IKaJILHOi/i noaACUCTEMBbI

Jlnis pacdeta BEpTUKaJIbHOW MOJCHUCTEMbl HEOOXOIMMO YyUECTh BBICOTY 3TaXKEeH U 3aTpaThl HA
MOHTaXX Ka0elsi B KPOCCOBBIX IIKadax.

Fpocoorzmt nncad

Epocoopsmt norad

Fpocoornmt uncad

Pucynox 4 Cxema BEepTHUKaIbHOM [1OICUCTEMBI

Tabnuna 4
Pacuer 3aTpat kalens B BEpTUKAIBHOM MOACHCTEME
Orax | Beicora Jlnst MoHTaka KaOeIst B Jlnst MoHTaka KaOeIst B HeobOxonnmas
u (M) KpoccoBoM Ikagy Ha 1 KpOCCOBOM IlIKagy Ha 2 JUInHA Kalens, M
ITaXK, M ITaXK, M
1-2
1-3

Bcero Ha 3manue, M

Bceero Ha 2 3paHus, M




IIOJIY Iy TUIEKCHOM PEKUME.

Pacuer moacucremMsbl KaMIryca
HJ’IH KaMHYCHOﬁ nOACHUCTEMbBI HeO6XOI[I/IMO HUCIIOJIB30BaTh MHOT'OMOAOBOEC OIITOBOJIOKHO B

Fpoccorent nmmad

Fpoccosent mxad

Fpoccoseni urad

Fpoccopent nmad

Fpoccopeni nead

Fpoceossni urad

Pucynok 5 Cxema nojcuctemsl Kamiryca

Pacuer pacxona kabenst 115l cOeAMHEHHsI 2 3TaHHM

Tabmuma 5

Paccrosinre Mex 1y 37aHUSIMU 1700
Paccrostaue u3 noasana 1o Beraucnum: (2,2+1,1+1)*2, 8,6
KpoccoBoro 1kada Ha 1 rae 2.2 —BbIcoTa, 1.1 —
JTaxe, M MOJIOBUHA dTaXka, 1- Ha
MOHTaX ¥ 3TO BCE YMHOKAEM
Ha 2 31aHuAg
Jlns coequHenus 2 31aHU, M Berunciunm: 1700+8,6+ 2 1710,6
3amac 10% Ha IpOKIAAKY ¢ 1710,6 +10% 1881,6
y4eToM penbeda, M
OO6mas AnMHa MEXTy 3TaHUSIMH 1881,6




Hrorosbliii pacuer

[TosyuuB Bce pacueTsl [0 MoAcHcTEMaM paccunuTaeM HeoOxonumele 3atpaTsl Ha CKC.
Tabauua 6

Pacuer KOMMyTallMOHHOTO 0OOPYOBAHMUS

HanmeHoBaHue y3ia KonuuectBo, mTyk

Poserox na I[1K

Poserok Ha cepBepa

Konnekropos RJ-45

Hroro pozerok na CKC

KOMMYTaLII/IOHHHX nmaHeneun

KpoccoBbix nikagon

KommyTtaropos

Tabmauua 7

3aTpatsl Kabemns

HaumenoBanue ka0ensi 1 Ha3HAUEHUE | JlinHa, M/ ITyk |

Ka6enst UTP-5 (11 BepTUKaIbHON U TOPU30HTAIBHOMN
nojcuctemsl) +15%, meTpoB

OnTOBOIOKOHHOTO Kabems
Crangaptabix 0yxta kabens (305 MeTpoB), IITYK

BuIiBOADLI:
1. Jlns cozpanus CKC HE0OX0AUMBI CIEAYIOMINE KOMIUIEKTYIOITHE:
a.
b.
2. Tlpu co3paHuu ceTH HEOOXOIUMO BBIJIEPIKUBATH CICAYIOIINE OTPAHHYCHUS ...
3. UT.I

3ajaHue Ha BbINOJIHEHUE JIA00OPaTOPHOI padoThI:
Pa3paboraTte  CTpYKTypUpOBaHHYIO KaOEIbHYI CHCTEMY  COIJIACHO  CIIEAYIOIIETO
UHAUBHIYaTbHOTO 3a1anus (cM. Tabmuma 8).



BapuanTs! s pazpadorkun CKC

Tabnnna 8
Ne X N h L K
1 1700 5 2,9 35 17
2 1700 3 2,2 30 16
3 1700 4 3,8 27 22
4 1100 3 3.2 19 20
5 1900 5 3,0 46 20
6 1000 3 2,2 46 28
7 1700 4 3,8 40 18
8 1700 3 4,3 50 21
9 1500 5 2,5 24 28
10 1000 3 2,1 50 26
11 1300 4 2,4 60 25
12 1300 3 2,5 80 22
13 1000 3 2,7 20 29
14 1100 4 3,6 19 27
15 1100 4 2,4 44 23
16 1800 3 3,6 36 25
17 1900 4 2,0 47 28
18 1700 4 2,4 38 28
19 1900 3 3,0 49 26
20 1200 5 2,7 32 29
21 1400 3 4,8 35 29
22 1300 4 2,7 25 22
23 1600 3 2,3 80 24
24 1000 5 2,6 33 24
25 1200 3 2,6 40 28
26 1400 5 2,9 26 23
27 1900 4 2,2 50 27
28 2000 4 3,0 70 26
29 2000 4 2,8 39 25
30 1400 5 2,2 31 27




TpeOoBaHMsi K BHINOJHEHHUIO JIA00PATOPHO padoThl M 0()OPMIIEHUIO OTUYETA
Otuer o nabopaTopHO# paboTe JOKEH BKIIOYATh:

1. Kparkoe n3noxkeHve nopsijka BbIIOJHEHH 1aOOpaTOpHO paboTHlI.

2. Cxemy pacroyioKeHHUS y3JI0B Ha ATaXKE, MEXKY dTaKAMU U 3JaHUSIMHU.

3. Pacuer 3atpar kabens, po3eTok, nmaT4-kopaoB s co3ganust CKC
(BBITIOJTHSIETCS C TIPUMEHEHUEM (OPMYIT B TAOIMYIHOM MPOIIECCOPE).

4. VYder npu pacueTe 3aTpar Kabesst JOMOIHUTEIbHbIE PACX0/Ibl HA MOHTAX:

a. B pozerke — 15 cm.
b. B xommyrarronHoM mkady — 1.
c. OOmme 3aTparhl yBEIMYUBAIOTCS HA HETPEABUACHHBIE pacxosl — 15 %.

5. PaccrosHuss Mexay po3eTKaMU pacCUUThIBaTh, CUMTasg, YTO OHU

PaBHOMEPHO pacipeiesICHbI 10 IEPUMETPY dTaxka.

6. B kxagectBe kalens ucnonp30BaTh BUTyto mapy UTP-5.

7. Mexnay 31aHUSIMU YUYUTHIBATh IPH pacyeTe 3aTpaT CHIKEHUE KaOess 1o
MMOBEPXHOCTh 3€MJIU Ha TIyOUHY IpoMep3aHus (MUHUMYM 2 M).

8. B kadectBe kabeis MeX Iy 3JaHUSMH HCIIOJIB30BaTh MHOTOMOJIOBBIN
OIITOBOJIOKOHHBIN AYIUIEKCHBIN Kabenb (MaKCUMalbHOE PAaCCTOSTHUE TIepeiaun
2500 m).

9. Cuuratp, 4TO cepBepa pacnoI0KEHbl BHYTPU KOMMYTAIIMOHHOTO IKada U He
TpeOYIOT OTJEIBHBIX PO3ETOK MOJKIIOYCHUS HA dTaXKE.

10. IIpu pacyere maTy-KOPAOB YUUTHIBAThH 3aTpaThl HA cepBepa

11. BbIBOJIBI 11O MOTYYEHHBIM PE3YJIbTaTaM.

Bomnpocsl 111 caMOKOHTPOJISA
Ha3nauenue cTpyKTypUpOBaHHOM KaOEJIbHOW CUCTEMBI.
Uro Takoe apXUTEKTypa OJHOTOUEHUHOTO YIIPaBJICHHUS.
JIOCTOMHCTBA HECTPYKTYPUPOBAHHOMN KaOeIbHON CHUCTEMBI.
[IpeumymiectBa cTpykrypupoBaHHoi kabenbHOM cucteMbl (CKC) Han
OOBIYHBIMH KaOeJIbHBIMUA CHCTEMaMH.
Xapaxrtepuctuku pusnueckux kommnoHeHtT CKC.
Ortansl pazpabotku u coznanus CKC.
Korna npoextupoBanus u MmonTaxka CKC sxoHOMUYECKH OIpaBAaHBbI.
Tpeboanust npu npoexktupoanuu CKC.
Tpu ocHOBHBIX NpuHIMMIA ITpH npoekTHpoBanun CKC.
10 Cranpgaprsl, nexanye B ocHoBe poektupoBanus CKC.

el

© oo ~No O

JlabopamopHasi paboma 2. Pac4ém 3a0ep)kek nepedayu nakemoes 8
meJsIeKOMMYHUKaUuUuoOHHOU cemu

Heab padoTsi: [TonyunTh 3HaHUS U HABBIKY 10 BBITIOJIHEHUIO PAcUETa 3a/IEPKEK
MPOXOXKJICHUS TTAKETOB 10 COCTABHOM KOMITBIOTEPHOM CETH.

Ilepeyenb 000pyaOBaHMSI U NMPOrPAMMHOI0 O0ecneYeHUsi, HEOOXOAMMbIX
JJISl BBINIOJIHEHUS JIA00pPaTOPHOM PadoThI:

OBM c¢ oneparnonHoi cucremoir Windows XP (wnim Bbimie Bepcus) wWid
cemeticTBa Linux.

Tabnau4HbIe U TEKCTOBBIE MTPOIIECCOPHI.



KpaTtkoe u3/10:keHre OCHOBHBIX TEOPETHYECKUX U METOAMYECKHX ACIIEKTOB
padoThI

3azepkka B nepeaye MakeToB JAaHHBIX MO CETU CKJIAAbIBACTCS W3 CJIEAYIOIINX
COCTABJISAIONINX

1. 3anepkka BblJJayu CUTHAJA B TUHUIO CBA3HU.

2. 3ajepiKKa rmepeaavr MmaKeTa JaHHBIX 10 JTUHUHU CBS3H.

3. 3azepkka mepefavd IMakeTa JaHHBIX Yepe3 KOMMYTHPYIOIIEE YCTPOMCTBO

(KOHIIEHTpPATOP, KOMMYTATOP, MapIIPyTHU3ATOP).
4. 3aneprkka Ha IpHUEM IaKeTa JaHHBIX U3 JUHUHU CBSI3M HA y3€J1 Ha3HAUCHHUS.

Jns pacuéra 3aiepKeK o JIMHUM CBSI3U Ha KOHLIEHTPATOPax B LEJIAX YIPOLIECHUS
pacyeToB OOBIYHO UCTOJB3YIOTCS cipaBouHble nanHbie IEEE, conepxkatne 3HaueHus
3a/IEpKEK pACIPOCTPAHEHHS] CUTHAJIOB B KOHIIEHTPATOpax, NPUEMONEPENATUNKAX U
Pa3IUUHBIX (PU3UYECKUX CpeaXx.

B Tabmuna 1 npuBeneHbl JaHHbIe, HEOOXOAUMBIE [JIsi pacuera sl BCEX
(bu3nYeCKUX TUHUMN CBSA3U B OUTOBBIX HHTEpBaiaxX. bBUTOBBINM HHTEpBaJI 0003HAUYEH KaK
bt. buroBbiii nHTepBan (bit time) — 3TO BenMYMHA, OOpaTHAsE CKOPOCTU IEpeaadu
JTAHHBIX.

Komurer 802.3 crapancss MakCMMaJIbHO YIPOCTUTH BBITIOJHEHUE PAaCUETOB,
MOATOMY JaHHbIE, MPUBEJICHHbIC B TaOJUIE, BKIIOYAIOT CpPa3y HECKOJIbKO 3TarloB
MPOXOXAeHUs curHaiia. Hanpumep, 3a1epKKu, BHOCUMbIE KOHIEHTPATOPOM, COCTOAT
U3 3aJIepKKA BXOJIHOTO TpPAaHCHUBEPA, 3aJEPKKU OJIOKA MOBTOPEHUS W 3aJICPKKU
BBIXOJTHOTO TpaHcuBepa. Tem He MeHee, B Ta0JIMIIe BCE ATH 3aJIEPKKHU MPEJICTABICHBI
OJHOM BEJIMUMHOM, Ha3BaHHOM 0a30# cerMeHTa.

Taoauna 1
3a7epKKH 10 JIMHUU CBSA3HU
baza Bbaza
THI corMenTa Ba3za neBoro | mpomekyTou| mpaBoro  |[3agepkka cpemsl| MakcumanbHas
cermenTa, bt HOI'O CErMEHTa, Ha Iwm, bt JUIMHA CErMEHTa, M
cermenra, bt bt
TOJICTBIN
KOAKCHUAJIbHBIA 5.9 23,25 84,75 0,0433 500
Kabelb
TOHKHUH
KOaKCHAaJIbHBII 5.9 23,25 84,75 0,05013 185
Kabeip
Butad fapa 7,65 21,0 82,5 0,0556 100
OTTOBOJIOKORHBI) ¢ 15 16,75 78,25 0,05 2500
Kabeip

JIeBbIM CErMEHTOM HA3bIBAETCSI CETMEHT, B KOTOPOM HAUMHAETCA MyTh CUTHAla
OT BbIXOJa nepenardynka (Bbrxo Tx) KoHeuHoro y3na. C KaKJbIM CETMEHTOM CBSI3aHA
MOCTOSTHHAS 3aJIepKKa, Ha3BaHHasl 0a30ii, KOTOpasi 3aBUCUT TOJILKO OT TUIIA CETMEHTA
U OT TOJIOKEHHUS CETMEHTA Ha MyTH CUTHAJIA (JIEBBIN, MPOMEXYTOUHBIN WU TIPaBbIi).



C KaxIbIM CErMEHTOM CBsi3aHA 3aJ€p)KKA pPacHpOCTPAHEHUs CUTHaja BAOJb
Kabeisl cerMeHTa, KOTopas 3aBHCHUT OT JJIMHBI CETMEHTa U BBIYHCISETCS MyTeM
YMHOKEHHSI BPEMEHM pPacHpOCTpaHEHUs CUTHalIa MO OJHOMY MeETpy Kalens (B
OWTOBBIX MHTEpBaJaX) Ha JJIMHY Kabenss B MeTpax. Pacuer 3akimrouaercs B
BBIYMCIICHUH 33J€PKEK, BHOCHUMBIX KaXKIbIM OTpE3KOM Kalens (mpuBEIAEHHas B
TabJuIIe 3aJepKKa curHana Ha | M kabesnst yMHOKaeTcs Ha JUIMHY CEIMEHTa), a 3aTeM
B CYMMHPOBAHHMH ITHX 3aJ€pXKeK C 0azaMu JIEBOTO, NMPOMEXKYTOUYHBIX U TPABOTO
CETMEHTOB.

OrpanuyeHus, BO3HHKAIOUIME H3-3a HCIIOJIb30BaHUs OOIEH pa3fenseMoil cpeibl, MOXKHO
IIPEOOJIETh, Pa3/IEUB CETh HA HECKOJIBKO pa3JelIIeMbIX CPEJ U COCIUHUB OTIEIbHBIE CErMEHTHI
CETH TaKHUMH YCTPONCTBaAMH, KaK KOMMYTATOPBI WM MAapIIPyTU3ATOPHI.

OTH ycTpoWcTBa NEPENAOT KaApbl C OJHOIO CBOEro IOpTa Ha JpYroi,
aHANM3UpPys aJpec Ha3HAYeHHWs, MOMELIEHHBbIM B 3TuUX Kagpax. (B oriaumume ot
KOHIIEHTPATOPOB, KOTOPBIE ITOBTOPSIIOT KaApPbl HA BCEX CBOMX IOPTax, IepeaaBas ux
BO BCE MOJICOEAMHEHHBbIE K HUM CEIrMEHTBI, HE3aBUCUMO OT TOr0, B KAKOM M3 HHUX
HAXOJUTCS CTaHIMs Ha3HaueHHs.) KoMMyTaTOpbl BBIOJHAIOT ONEPALMIO MEepeaadyn
KaJIpOB Ha OCHOBE IUIOCKHMX aJpecoB KaHaJIbHOIO ypoBHA, T. €. MAC-agpecos, a
MaplIpyTHU3aTOpbl — HA OCHOBE HOMepa ceTh. 1Ipu aTom enuHas paszpensemas cpeaa,
CO3/1aHHAsl KOHIIEHTpaTOopaMu (WM B MpPEACIBbHOM CIydae - OJHUM CETMEHTOM
Kabesst), IeJIUTCS Ha HECKOJIBKO YacTel, KaX/aas U3 KOTOPBIX IPUCOEANHEHA K TIOPTY
MOCTa, KOMMYTAaTOpa U MapuIpyTU3aTOpA.

['OBOpAT, 4TO MPU ITOM CETh ACINUTCS HA JIOTMYECKUE CErMEHTBHI WM CETh
MOJBEPraceTCs JOTHYECKOW CTPYKTypu3auuu. JIOTMYECKU CErMEHT NPEACTABISAECT
coOoli eauHyl0 pasznensieMyro cpenay. JleneHue ceTu Ha JIOTUYECKHUE CETMEHTHI
MPUBOJUT K TOMY, YTO Harpy3Ka, MIpUXOIAIIasca Ha KaXKIblil U3 BHOBb O0OpPa30BaHHBIX
CErMEHTOB, IOYTH BCETla OKa3bIBAETCA MEHBIIIE, UEM HArpy3Ka, KOTOPYIO UCIIBITHIBAJIA
ucxoqHas cetb. CienoBaTenbHO, YMEHbIIAIOTCS BpeaHble d(DPEKThl OT pa3neseHus
Cpellbl: CHUKAETCsl BpEMs 0°KMJIaHUs 10CTyMa, a B ceTsix Ethernet — u uHTEHCUBHOCTD
KOJUTA3UU.

BonbIIMHCTBO KpYyIHBIX ceTel pa3padaThIBA€TCA HA OCHOBE CTPYKTYpPHI ¢ 001Iei
MarucTpajiblo, K KOTOPOM 4epe3 KOMMYTAaTOPbl U MapIIpyTU3aTOPbl IPUCOEANHSIOTCS
HOJICETH. DTHU MOJICETH OOCITYKUBAIOT pa3inuHble oTAenbl. [logceTn MoryT aenuThes
U J1aJiee Ha CeIrMEHTBI, ITpeIHa3HaueHHbIE I 00CTyKUBaHUs paboUnX TPyIIIL.

B o6mem ciydae neneHMe CETH Ha JIOTUYECKHE CETrMEHTBI IOBBIIIAET
IPOU3BOJAUTENLHOCTh CETHU (32 CYET pa3rpy3Kd CErMEHTOB), a TaKKe THOKOCTb
MOCTPOEHUSI CETU, YBEIUYMBAsl CTENECHb 3alIUThl IaHHBIX, U O0JIer4yaeT ynpaBJeHHUE
CETBIO.

IpuHuune1 padboTbl KOMMYTATOPOB

Texnonorus xommyTtanuu cermeHToB Ethernet Obuta mpennoskena dupmoi
Kalpana B 1990 roxy B oTBeT Ha pacTymue MOTPEOHOCTH B TOBBIIIIEHUHU MTPOITYCKHON
CIIOCOOHOCTH CBSI3€l BBICOKONPOM3BOJUTEIBHBIX CEPBEPOB C CErMEHTaMU PabodmX
CTaHIIUH.

CrpykTypHas cxema komMmyrtatopa EtherSwitch, mnpemnoxennoro d¢upmoit Kalpana,
npencrasnena na Puc. Puc. 1. Ctpykrypa kommyratopa EtherSwitch kommanuu Kalpana



Kax b1l u3 8 mopToB oOcCiy)uBaeTcs oJHUM mnponeccopoM naketoB Ethernet —
EPP (Ethernet Packet Processor). Kpome Toro, koMMyTatop HMMeEET CHCTEMHBIH
MOJYJb, KOTOPBI KOOPIUHHUPYET paboTy Bcex mporeccopoB EPP. Cucremnbrii
MOJIyJIb BEJET OOIIyI0 aJpecHyro Talnuily KommyTtaropa. s mepemauu KaapoB
MEXIYy IMOpPTaMU HUCHOJIb3YETCS] KOMMYTALIMOHHAs MaTpULd, COEAUHSS HECKOJIBKO

IIPOLIECCOPOB C HECKOJIBKUMHU MOAYJIIMU ITaMSTH.

KommyTannonnas marpuna paboTaeT Mo MPUHIMIYY KOMMYTaluu KaHajoB. J[is 8 moptoB
MaTpulla MOXKET O0eclneyuTh 8 OJHOBPEMEHHBIX BHYTPEHHHMX KaHAJIOB MPU MOIYIYIIEKCHOM
pexxume paboThl MOPTOB M-16 — IpU MOJHOIYTIIIEKCHOM, KOTJIa MepelaTiuK U MPUEMHHUK Ka)KJ0Tro
nopra paboTarT HE3aBUCUMO JIPYT OT ApyTa.

[Tpu mocTyruieHuu Kaapa B kakoi-mibo nopt npoueccop EPP Oydepusyer HeckoabK0 nepBbIX
Oaift Kagpa, yToOBI MPOUUTATH aapec HazHaueHus. [locie monyyeHus aapeca Ha3HAYEHUS [TPOLIECCOP
Cpa3sy ke MPUHUMAET PelIeHUE O Mepeave NaKeTa, He JOKHUAAsACh MPUX0/1a OCTAIBHBIX 0aliT Kaapa.
JJ1s 3TOr0 OH MPOCMATPUBAET CBOM COOCTBEHHBIN KL aJipECHON TAaOJIUILIbI, a €CTIM HE HaXOAUT TaM
HY)KHOTO ajpeca, oOpaiaercs K CUCTEMHOMY MOJYJIIO, KOTOPbIM paboTaeT B MHOI033JauHOM
pexxuMe, mapamienbHo oOCHyX)uBasi 3ampockl Bcex mporeccopoB EPP. Cucremusiii mMomynb
MIPOU3BOJUT MIPOCMOTP OOIIEH aApecHO TaOIUIBl M BO3BpAIAET MPOLIECCOPY HAMICHHYIO CTPOKY,
KOTOPYIO TOT Oydepu3yer B CBOEM KdIIIe ISl TOCTIEAYIOLIEr0 UCTIOIb30BAHUS.

[Tocne HaxoxaeHus anpeca HazHaueHus npoueccop EPP 3Haer, 4to Hy»XHO Aanbuie aenaaTh ¢
MOCTYyHAaIOMIMM KaJapoM (BO BpeMsi MPOCMOTpa aApecHOW TaOaUIbl MpoIeccop MPOAOHKal
Oy(epr3anuio MOCTyNaImKX B TOPT 0alTOB Kazpa). Eciau kaap HyKHO OTQHIBTPOBATH, IPOLIECCOP
MIPOCTO MpEKpallaeT 3anuchiBath B Oydep OailTel Kaapa, ouumiaer Oydep U KIET MOCTYIUICHUS
HOBOT'O KaJipa.

Eciu ke kaap HYXHO TmiepenaTh Ha Jpyrod Mopt, TO mpoleccop oOpamaercs K
KOMMYTAllMOHHOW MaTpPHULIE U NBITAETCS YCTAHOBUTH B HEM My Th, CBA3BIBAIOIINI €0 MOPT C IOPTOM,
yepe3 KOTOpbI HAET MapuipyT K ajapecy Ha3HaueHus. KoMMyTanuoHHass MaTpHlla MOXKET 3TO
cienaTh TOJIBKO B TOM Ciyyae, KOrja MopT ajpeca Ha3HAYeHUs B 3TOT MOMEHT CBOOOJIEH, T. €. HE
COEJIMHEH C IPYT'MM IIOPTOM.

CHCTeMHLR MOTYNS
Ynpaanewwe Muorosanaymoe
AP0
EPP1 EPPS
EPP7
EPP2 KDMMYT!W
MaTpUua
EPPS
EPP3
EPP4 |_EPPS |

Puc. 1. Crpykrypa kommyrtatopa EtherSwitch komnanuu Kalpana

Ecnu e mopT 3aHsT, TO, KaK U B JIIOOOM YCTPONCTBE C KOMMYTAallU€i KaHAJIOB,
MaTpHUlla B COEAMHEHUN OTKa3bIBaeT. B 3TOM cirydae KaJp MOJHOCThIO Oydepusyercs



IPOLECCOPOM BXOJHOIO IOPTA, IMOCJIE YEro IMPOLECCOp OXKHUAAET OCBOOOXKIECHUS
BBIXO/JTHOT'O TIOPTa U 00pa30BaHUsl KOMMYTAallMOHHOW MAaTpULIEl HY>KHOTO ITyTH.
[locne TOrOo Kak HYXHBIM IYyTh YCTAHOBJIEH, B HETO HAaIPaBIIIOTCS
OydepuzoBaHHbIle OAWTHI Kajpa, KOTOPHIE MPUHUMAIOTCS MPOIECCOPOM BBIXOJAHOTO
nopra. Kak TOIBKO 1pomeccop BBIXOJHOIO NOPTAa MOJy4YaeT JOCTyHn K
MOJKJIIOYEHHOMY K HEMY CETMEHTY, OalThl KaJpa cpa3y kK€ HAaUMHAIOT MepeaaBaThCs
B cerb. [Ipomeccop BXOIHOTO TOpTa TOCTOSHHO XPAaHUT HECKOJbKO OalT
OPUHUMAEMOI0 Kajapa B CBoeM Oydepe, 4TO MO3BOISET €My HE3aBUCUMO U

ACMHXPOHHO IIPUHUMATD U IICPCAABATH OalThI Kazapa.

OnucaHHBIA CMOCOO mepenadn kaapa 0e3 ero mojsHod Oydepusanuu MOMydnsl Ha3BaHUE
KoMMyTanuu «Ha Jety» («on-the-fly») wmm «mamponer» («cut-through»). 3Drtor cmocod
IpEJICTaBIsACT, MO CYTH, KOHBEHEpHYI0 00pabOTKy Kajapa, KOrja 4acTHYHO COBMEIIAOTCS BO
BPEMEHHU HECKOJILKO ATAIOB €ro Mepeiayu.

— Ilpuém nepBbIx O0alT Kaapa IPOLECCOPOM BXOHOTO MOPTA, BKIItOUas IpueM OaiT agpeca
Ha3HA4YCHMUS.

— Tlouck agpeca Ha3HAYEHUS B aJIpeCHON TabIUIle KOMMYyTaTOpa (B K3IIIE MPOIleccopa WK B
o011ei Tabnuile CUCTEMHOTO MOJTYJISA).

— Kommyranus Matpuiibl.

— Ilpuem ocTanbHBIX OAUT Kaapa MPOLECCOPOM BXOIHOTO TIOPTA.

— Ilpuem OaiiT xaapa (BKIIOYas MEPBHIC) MPOIIECCOPOM BBIXOIHOTO OPTA Yepe3
KOMMYTAIMOHHYIO MaTPHILy.

— Ilonyuenue goctyna K cpezie mMpoIEeccoOpoM BBIXOIHOTO MOPTA.

— Ilepenaua GaiiT kazpa MpOIIECCOPOM BBIXOHOTO MOPTA B CETh.

Otansl 2 1 3 COBMECTUTH BO BpEMEHU Hellb3sl, TaKk Kak 0e3 3HaHHs HOMEPa BBIXOTHOTO MOpTa
omnepanusi KOMMYyTalluu MaTPUIIbl HE UMEET CMBICIA.

[To cpaBHEeHHIO ¢ peXMMOM MOJHON Oydepuzanuu Kaapa, 5KOHOMHUS OT KOHBeWepHu3anuu
MIOJIYyYaeTCs Oy TUMOM.

Taxk kak ri1aBHOE JOCTOMHCTBO KOMMYTaTopa, 0jaroaapsi KOTOpOMY OH 3aBOE€BaJ
OYEHb XOPOILIME IMO3UINH B JIOKAIBHBIX CETSAX, 3TO €r0 BBICOKAs IPOM3BOAUTENBHOCTb,
TO pa3pabOTYMKH KOMMYTAaTOpPOB CTapalOTCs BBIIYCKaTb TaK Ha3bIBaeMble
HeOnokupytomme (non-blocking) Moaen KoMMyTaTopoB.

Heb6nokupyromuii KOMMyTaToOp — 3TO TaKOW KOMMYTAaTOp, KOTOPBIM MOXKET
nepeaaBaTh KaJapbl Yepe3 CBOM MOPTHI C TOM K€ CKOPOCThIO, C KOTOPOW OHU Ha HHUX
NOCTYINalT. ECTECTBEHHO, 4YTO Jake HEOJOKHPYIOIIMHA KOMMYTAaTOp HE MOXET
pa3peninTh B TEYEHUE JIOITOr0 MPOMEXYTKAa BPEMEHU CUTYallMU, KOTJa OJIOKUPOBKA
KaJIpOB MPOUCXOJUT U3-3a OTPAHUYEHHON CKOPOCTH BBIXOJHOTO MOPTA.

OOBIYHO HMEIOT B BHUAY YCTOMUMBBIA HEOJOKUPYIOIIMNA pEXUM padOThI
KOMMYTaTOpa, KOorjga KOMMYyTaTop MepeAaeT Kaapbl CO CKOPOCThIO UX MOCTYIJICHUS B
TE€UEHHE MPOU3BOJIBHOTO MPOMEXKYTKa BpeMeHH. {1 obecrneueHus: Takoro pexxuma
HY>KHO, €CTECTBEHHO, TAKOE€ paCIpeIesIEHue MOTOKOB KaJIpOB M0 BBIXOJHBIM IOPTaM,
YTOOBI OHU CIIPABJISUIUCH C HATPY3KOM, 1 KOMMYTATOp MOT BCEr/ia B CPEeIHEM MepeaaTh
Ha BBIXOJIbI CTOJIBKO KaJpOB, CKOJIBKO MX MOCTYNWJIO Ha BXOAbl. Eciy ke BXOAHOU
NOTOK KaJpoB (IPOCYMMHPOBAHHBIN 110 BCEM MOPTaM) B CpeHeM Oy/AeT MPEeBbIIIATh
BBIXOJJHOM MOTOK KaapoOB (TaKXe MPOCYMMHUPOBAHHBIM MO BCEM MOPTaM), TO KaJpbl
OynyT HakarMBaThCsa B OydepHO mamsATH KOMMYyTaTopa, a MPH TPEBBIIICHUU €€
o0beMa — MPOCTO OTOPACHIBATHCS.



CoBpeMEHHbIE ~ KOMMYTAaTOpbl ~ MOTYT  TOJAJEPKUBaTh  MTHOBEHHBIN
HEOJIOKHPYIONUH PEXKUM. ITO 03HAYAET, YTO OH MOXKET MPUHUMATh U 00pabaThIBaTh
KaJIpbl OT BCEX CBOMX IMOPTOB HA MAKCUMAJIBHOW CKOPOCTH IIPOTOKOJIOB, HE3aBUCHUMO
OT TOTO, 00ECTIEYNBAIOTCS JIU YCIOBUS YCTOMYMBOTO PAaBHOBECHS MEXIY BXOIHBIM U
BBIXOAHBIM rpadukom. [IpaBna, 00paboTka HEKOTOPHIX KaIPOB IPHU ITOM MOXKET OBITH
HETMOJIHOW — TIPU 3aHATOCTH BBIXOJHOTO TOpTa Kaap moMemaercs B Oydep
KoMMyTaTopa. /{11t noaaep KKy HeOIOKUPYIOIIEr0O MTHOBEHHOIO PEKUMa KOMMYTATOP
JOJDKEH 00saiaTh OoJbllieid COOCTBEHHOW MPOU3BOJIUTEIBLHOCTHIO, & UMEHHO, OHA
JIOJKHA OBITH OOJIBIIE WJIM PaBHA CyMMapHOW MPOU3BOAUTEIHLHOCTH €r0 MOPTOB:

3ajepkka Tepelayd Kajapa uYepe3 KOMMYTATOp HU3MepsAeTcs Kak Bpems,
Ipolle/Iee ¢ MOMEHTa NpHuxojJa MepBoro OaiTa Kagpa Ha BXOJIHOM MOPT
KOMMYyTaTopa JI0 MOMEHTa IMOSBJIIEHHUS 3TOro OaiiTa Ha €ro BBIXOJAHOM TOPTY.
3azepkKa CKIIaJbIBAE€TCs U3 BPEMEHHU, 3aTpaunBaeMoro Ha Oydepuzanuio 6ailT kaapa,
a TaK)Ke€ BPEMEHH, 3aTPauyrBAEMOT0 Ha 00pabOTKy KajJpa KOMMYTAaTOPOM, — IPOCMOTpa
anpecHOr TaONHIBl, MPHUHATHS pelmieHuss O (GWIBTPAIMN WIH TPOABMKCHUH U
MOJIyYEHHS I0CTyTa K CpeJie BBIXOHOTO TOpTa.

BenudnHa BHOCHMOI KOMMYTaTOpOM 3aJ€PXKKU 3aBUCUT OT PEKHUMa €To paboTHlI.
Ecnu koMMyTaIus ocyImecTBIsSIETCS «Ha JIETY», TO 3aA€PKKH OOBITHO HEBEJIHKH, a TIPU
NOJIHOM Oy(epur3aiu KagpoB — yBEIMUMUBAKOTCS HA JJIMHY KaJpa.

Mpumep nopsagka BbinoAHEeHUA nabopaTtopHou paboTbi

B kauecTBe MCXOMHBIX JAHHBIX UCIOJB3YyETCs pa3paboTaHHas B J1aOOpaTOPHOM
Nel CKC.

Jlst pacueTa 3a7iepKeK 1Mo cpejie mepeaadu, Ipy rnepeaave B JUHUAO CBA3H U TIPH
nepeaave uepe3 MpoMexyToqHoe 000pyA0BaHNE HUCIIONIb3YeM 3HAUCHUS 3a/IePIKEK U3
Tabnuna .

Jl1st mepeBo1a U3 OUTOBOTO MHTEPBAJIA JIeJIaeM MEePEeCcUeT B MUKPOCEKYH/IBI (MKC),
UCTIONB3Ysl CKOPOCTh Tiepeaayn B cetu (Tabmmma 1).

Taoauna 1

ITepepacueT 3aaepKeK I JIMHUM CBS3U
3amepikka cpeasl Ha 1 M

OITOBOJIOKHO
UTP-5, aHC He ’

Ha ocHOBaHWM JUIMH JTUHUN CBSI3U BBIYMCIISIOTCS 3aJI€PKKU B TOPU30HTAIIBHOM
noacucreme (Tadnuma 3).

Taoauna 3

[Tpumep TabauIBl JuIs pacyeTa 3aep>KeK B TOPU30HTAIBHOM MOJACUCTEME

CymmapHas
3afepKKU nepenadnd | 3ajepikka SaePKKa O
HOMEp Paccrostaue no I10 JIMHUM CBSI3U OT | IIEepeaun 35)1a 0
PC KOMMYTaTopa y3J1a 0 KOMMYTaTopa, | B JIMHUIO y
KOMMYTAaTopa,
HC CBSI3H, HC

HC




12
13
14
MakKc
MHH
CpelH

AHAJIOTUYHO JAENIaeTCs pacyeT ISl BEPTUKAIBHON MOJACUCTEMBl U TOJCUCTEMBI
kamiyca. Ilpu 3ToM He ydMTHIBaeTCs 3aJep)KKa BBIJAYM B JUHHUIO CBSI3U C
KOMMYyTaTopa. JTa 3aJiepkKKa OyJeT YUYUTHIBAThCS B 3aJIEp)KKE IMPHU Tepeaade uepes
KOMMYTaTOp.

Pacuér 3aiepku Ha KOMMYTATOPE BBITIOIHSAETCS B OTACIBHON TaOIUIIE C YUETOM
pexxuma padboTel kKommyTatopa (Tabmura ).

Taoauna 4

PGSYJ'IBTaTBI pacucTa 3aJICPIKCK

Bpewms Ha Bpewms na Bpewms na
IpUeEM IIOMCK ajipeca | KOMMYyTall
MEePBBIX Ha3HA4YCHUS B U0
Oaiit aZpecHOn Marpuupl, | Ilpuem | Ilomyue
Kazapa Tabnuue HC OCTallb HUE
IPOLIECCO | KOMMYyTaTopa HBIX | JOCTyIa
poM (B Ko11IE OaliT | K cpene
BXOJIHOTO | TIpolieccopa KaJpa | mepenay
nopra, WK B 0011Iei npoue "
BKJTFOYAst TadIuIe ccopo | mpoiiecc
IIpUEM CHUCTEMHOT'O M opoM
Oaiit MOJYJISL) , HC BXOJH | BbixoaH | Cymmap
HaumenoBanue azpeca oro oro Has
pexuma paboThl | Ha3HauYeH nopra, | HOpTa, | 3aJepPiKK
KOMMYTaTopa us, HC HC HC a, HC
Pexxum
KOHLIEHTpaTopa
KommyTanus
«HA JETY»
[Tonmuas
Oydepuzanus

JJist pacyera cyMMAapHO# 3a/1epPKKH B CeTH UCNOJIb3yeM Ia0JI0H, IPUBEIEHHBII B




Tabmuma 55. JlaHHBI pacyeT BBINMOJHSAETCS JUII BCEX PEXKHUMOB PabOThI
KOMMYTAaTopa.

Tao6auna 5
Pacuer cymMmapHOU 3a/1€p>KKH B COCTABHOW CETH
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MHWH
CpelH
MakKcC
3aiaHue HA BbINOJIHEHHE J1A00PaTOPHOIT pad0ThI
Hns  paspaboranHoit B sabopaTopHoii pabore Nel CTpyKTypHpOBaHHOM

Ka0EJIbHOU CUCTEMBI:

1. BBIUHMCIUTH 3aJIEpKKW TIEpelayd JaHHBIX MEXIy y3lnamMu ceTu. [ns pacuéra
UCIIOJIB30BaTh TapaMeTpbl KOMMYTaTopa, mpuBea¢HHble B Tabmmma 6. Pacuér
MPOBECTH I pEXUMa KOHIIGHTPATOpa, KOMMYTAaTOpa B PEXHUME TOJIHOM
oydepuzanuu u c Oydepuszaiueit Ha JeTy.

2. Paccunrtarh CpenHIO0, MHHUMAIBHYI0 W MaKCHUMAJIbHYIO 3aJIepKKy Iepeaadn
KaJpoB B pa3pabOTaHHOM CETH.

pPEeKOH(UTYpAIIHU CETH C TTOMOIIBIO KOHIIEHTPATOPOB U JIMHUM CBSI3H.

OT4éT OTIPaBUTh HA AJIEKTPOHHBIN agpec a@tltsu.ru.

BapuaHnThl mapamMeTpoB KOMMYyTaTopa

Ne Bap. N V, t2, MKC t3, MKC 16, MKC n, OaiT
Mowur/c
1 4 100 25 12 22 96
2 8 100 8 4 14 128
3 12 100 20 10 16 256
4 16 100 10 5 12 512

BoeipaboTaTh MpeaioKeHUs: MO YMEHBIIEHUWIO BPEMEHHM 3aJEpKKH 33 CYET

OdopMUTh OTYET U MPEACTABUTH PE3YJIbTaThl BHINOJHEHUS PabOThI HA 3AIUTY.

Ta6auna 6




5 24 100 15 7 22 1024
6 32 100 5 2 14 1536
7 4 100 30 15 16 96
8 8 100 12 6 26 128
9 12 100 25 12 22 256
10 16 100 15 7 14 512
11 24 100 20 10 16 1024
12 32 100 10 5 6 1536
13 4 100 20 10 22 96
14 8 100 4 2 14 128
15 12 100 15 7 16 256
16 16 100 5 2 12 512
17 24 100 10 5 22 1024
18 32 100 3 1,5 14 1536
19 4 100 8 4 16 96
20 8 100 16 8 10 128
21 12 100 12 6 22 256
22 16 100 4 2 14 512
23 24 100 9 4 16 1024
24 32 100 2 1 8 1536

N — gucsa0 MOPTOB y KOMMYTaTOpA.

V — CKOpOCTh TIepeiavr TaHHBIX B CETH.

t, — BEIOOP BBIXOIHOTO MOPTA.

{3 — KOMMyTaIus TOPTOB.

ts — mosrydeHue 10CTyna K Cpejie BBIXOAHBIM ITOPTOM.
N — pa3Mmep Kaapa.

TpedoBanus k opopMiaeHUI0 0TYETA

OTtu€Tt no nabopaTopHOil paboTe JOJIKEH BKIIIOYATH:

1. Kpatkoe uznoxeHue nopsijka BeIIOJIHEHUS J1a00OpaTOPHOUM pabOTHI.

2. TeopeTnueckre OCHOBBI BHITIOJIHEHUS pacuéTa 3aJepKKH.

3. Pacuér 3amepxkexk mepemaunm mo BceM snemeHTam CKC (BbimosHseTcs ¢
npuMeHeHueM (Gopmys B TaOJIMYHOM MPOLECCOPE).

4. BbIBOABI TIO MTOTyYEHHBIM PE3yJIbTaTaM.

JlabopamopHast paboma 3. Paspabomka adpecoe cemu Kammnyca o
cmaHOapmamM cemeeo20 YPOBHSI

Hear pabGorbl: H3yuuTh OCHOBBI CETEBOM aapecaliii B  COCTaBHOM
KOMIIBIOTEPHOW CETH Ha OCHOBE MpoTokoia IP.

Ilepeuenb 000pyaOBaHUSI W NPOrPAaMMHOrO o0ecrnevYeHHsl, HeOOXOAMMBIX /JIs
BbINOJIHEHHSI JIA0OPATOPHOI1 PadOThI:

OBM c¢ omneparmonHoi cuctemorr Windows XP (wiu Bblllie BepcHs) WK
cemeticTBa Linux.
Tabnau4HbIe U TEKCTOBBIE MPOIIECCOPHI.



KpaTlcoe NU3J0KCHUEC OCHOBHBIX TCOPETHYCCKUX H METOANYECCKHX ACIIEKTOB

padoThI

O630p TCP/IP

JIJis TOHMMaHUsT TEXHOJIOTUH PaboThl mpoTokoa IP Hago cHavyana pazoOpaThcs
¢ morudeckoit crpykrypoii creka TCP/IP (puc. 1).

CerteBrie IIPUIIOKCHUA

n pw;oq%ﬂ port)

TCP

UDP

ceN /dwvﬁpamma
P

ARP narxem

ETHERNET

Kd,

op

Ethetnet xabenn

Puc. 1. Y3ea ceru TCP/IP

[lokazaHHass Ha pHCYHKE CXeMa
MHOTOYPOBHEBBIX IIPOTOKOJIOB B KOMIIBIOTEPE,

OIMCBLIBAET
MOOKJIIOUEHHOM K ceTu. Bce

JIOTMYECKYH)  CTPYKTYpPY

KOMITBIOTEPBI, MOJJEPKUBAIOUIME TMOJOOHYIO CTPYKTYpPY, MOTYT OOMEHHBATHCS
uH(popMaIuen, UCIoNb3ys CeTeBbIe MPOTOKOIBI. [IpuBeIeHHAs HA PUCYHKE CTPYKTYpa
ONPENIEIISAET MOBEICHUE KOMITbIOTEPA B CeTH. Ka)Kpli1 N3 NpsIMOYTOJIbHUKOB Ha CXEME
MOKa3bIBaeT Mpolecc o0pabOTKH JaHHBIX B KOMIIBIOTEpPE, a JMHUU O003HAYaIOT
MIOTOKW JAHHBIX. ['OpU30HTaNbHAS JIMHUS B HWKHEM YAaCTH PHUCYHKA IPEICTABIISAET

kaoenp Ethernet.

Ha3zpanue snemMeHTOB JaHHBIX, IIPUHUMACMBIX H3 CCTH, 3aBUCUT OT YPOBHS B

CTCKC IIPOTOKOJIOB:

— s Ethernet moaynu nanasix HazwiBatoT kagapamu (Ethernet frame);
— JaHHBIE MEXIy JapaiiBepoM amantepa Ethernet m momynem IP mepenatorcs B

naketax (IP packet);

— nanHble Mexay monyJisiMu [P u UDP nepenarorcs ¢ momompto aeiitarpamm (UDP

datagram);



— MOAYJHU AaHHbIX, nepenaBaembie Mmexay I[P u TCP, na3ssiBator cermentamu (TCP
segment) WM TPAHCIIOPTHBIMU COOOIICHUSMU;
— JIaHHbIE HA YPOBHE CETEBBIX MPUIOKEHUHN MIEPEIAt0TCs C OMOIIBIO COOOIICHUH.

Jns npunoxkenuit, ucnons3yromux npotokosn TCP (Transmission Control
Protocol — mpoTokon ympaBieHus Tepeaaycii), TaHHbIC TEPEAAOTCA MEXITy
npuioxenueM u moaysiem TCP. Jlns npuiioxkeHuid, ucnoap3yromux nporokoa UDP
(User Datagram Protocol — mnpoTokoi IMoib30BaTeIbCKUX JAchHTarpamm), oOMeH
JIAHHBIMU UJIET MEXAY IpuiiokeHuem u moayyiem UDP.

B wmomynsx TCP, UDP wu  gpaiiBepe  Ethernet  BbImomusiercs
MYJIBTUIIEKCUPOBaHUE N X | (MyJBTUIIEKCOP MMEET OJIUH BBIXOJI M MHOKECTBO
BXx0710B). CylllecTBYeT Tak:ke oOpaTHasi onepanus — JAeMyJIbTUIUIEKCHpOBaHuE 1 X n
(IeMyIBTHUIUIEKCOp MMEET OJIMH BXOJ M MHOXKECTBO BbIx0/10B). Ecim xamp Ethernet
nonagaer B gpaiiBep Ethernet u3 ceru, 3TOT Kaap mnepemacTcss MOIYJIIIO
npeodpazoBanust ajapecoB ARP (Address Resolution Protocol) wim monymio 1P
(Internet Protocol). Beioop omnoro m3 atux moxayied (ARP wimm IP) onpenensercs
MoJIEM THUIIA B 3arojioBke kajapa Ethernet.

Ecnu naker nonagaer B Moayisb [P, mocie atoro on nepenaercs moayiato TCP
i UDP B cooTBETCTBHM CO 3HAUEHMEM TOJISI ITPOTOKOJIA B 3aroyioBke IP.

Henitarpammbl UDP, mpuxopsiiiue B 0IHOUMEHHBIN MOJTyJib, IPpeo0pa3yoTcs B
COOOIICHHS TMPUKIIATHOTO YPOBHS M TMEPEAAIOTCS MporpamMmam, BBIOOP KOTOPBIX
onpexaensiercss Homepom mnoprta B 3aroioBke UDP. Cermentsl TCP B 01HOMMEHHOM
MOAyJie TpeoOpa3yroTcs B COOOIIECHMS TMPUKIAAHOTO YPOBHS U TEpPeaaroTCs
IIOJIB30BATENIBCKUM IPOIPAMMaM B COOTBETCTBHM C HOMEpPOM nopta B 3arosioske TCP.
MynbTUIIIIEKCUPOBAHUE HCXOJAIIETO TMOTOKA SBISETCS OYEHb HPOCTOM 3aJayeu,
MMOCKOJIBKY Ha KaXKJIOM YPOBHE CYHIECTBYET TOJBKO OJWH IIyTh NE€peaaydu
uH(pOpMaUU; KaXIblii TPOTOKON MPOCTO J00aBISET B MAKET CBOW 3arojoBOK,
o0ecrieunBaONINI 1eMYJIbTUIICKCUPOBAHKUE JAHHBIX HAa MPUEMHOM CTOPOHE.

JlanHble mepemaroTcsa OT NpUKIAAHBIX mporpamm uepe3 TCP wm UDP,
npeodbpasyrorcs Moayinem [P u mepemarorcs B CeTh C MCIOJIB30BAaHHMEM JipaiiBepa
CETEBOM IIaThl HA CAMOM HH>KHEM YPOBHE.

KowmmbroTep Ha puc. 1 umeer ogHo coenunenue Ethernet. IllectubantoBsiii agpec
Ethernet sBnsgercs YHUKaJIbHBIM JUIA KaKIO0I'o ajJarrepa Ethernet n 3amaercs Ha
anrapaTHOM YpOBHE.

KommbroTep Taxke umeet 4-6aititoBsiid aapec IP. DToT aapec ucnonb3yeTcs Ha
uHTepdeiice HuxKHEro ypoBHs B moayJie IP. DTot agpec nomkeH ObITh YHUKAJIBHBIM B
Macitadax cetu. PaboTaromuii koMmbioTep Beeraa 3HaeT cBou aapeca [P u Ethernet.

Ha Puc. CXEMaTHYECKH H300paKEH KOMIIBIOTEp C JBYMS CETEBBIMHU
uHTepdericamu:



CerteBble MPUITOKEHUSL

n pwﬂmq%ﬂ port)

TCP UDP
ceN %pmwwa
IP
ARP naxgm narem ARP

ETHERNET ETHERNET

Kapp ’<46P
Ethetnet kaGenn 2

Ethetnet xabens 1

Puc. 2. Y3ea cetu TCP/IP ¢ nyms ananrtepamu Ethernet

W3 mnpuBeAeHHOM CXE€Mbl OYEBHAHO, YTO B KOMIIBIOTEPAX C HECKOJBKUMH
¢usnueckumu  uHTepdeiicamu  moxynbp [P paboraer Kak = MyJBTHILUIEKCOP-
JEMYJIBTUTLIEKCOP mxN.

MyJbTUILUIEKCUPOBAHNUE BBINOJIHAETCS IMPU Iepeadye JaHHbIX B 000HMX
HarpasiaeHusx. Moaynb [P ¢ Heckonbkumu (pusmdeckuMu uHTEpQeiicaMu Ha caMmoM
nene Ooyiee CII0XKEH, MOCKOJIbKY TakoW MOJYyJIb MOXET oOecrneuuBaTh NEPeChUIKY
JaHHBIX B JApPYyTUe€ CeTH (JaHHbIe, MIPUHATHIE Yepe3 OAMH HHTepdeiic, nepeaaroTcs
qgepes Ipyrou).

IIpouecc ornpaBku mnakera [P B npyryro cerb Ha3bIBaeTCs NEPECHUIKOU
(forwarding) maketoB IP. Kommbriorep, mpUHUMAIONIMI peEHICHHUE O TEPEChUIKE
nakeToB [P, 00bruHO Ha3kiBarOT MampytusatopoM (IP-router).

Kak M0KHO BHIETh Ha MPUBEACHHOM PUCYHKE, B IIPOLIECCE MEPECHUIKNA MAKETOB
IP moxymu TCP u UDP na mapmpytuzarope IP yuactus He npuHumaroT. Hekotopsie
n3 peanuzanuid [P-mapurpytuszatopoB nmpocto He BrIo4aroT moayJieit TCP u UDP.

Mopyne IP sBisieTcsi kpaeyrojibHbiM KamHeM TexHosioruu Internet. Kaxmwrii
MOJAYJIb WU JpaiiBep A00aBIsI€T CBOM 3arojIOBOK K MAKETy MO MEpe MPOXOKICHUS
uH(OpMAIUU OT BEPXHETO YPOBHS K HUYKHEMY Uepe3 CTEK MPOTOKoI0B. Ha mpuemHon
CTOPOHE KaXIbl MOIYJb WIM JApPAaWBEP WM3BJIEKACT U3 MAKETa COOTBETCTBYIOIIHMN
3arojoBoK. 3aronioBok IP comepxkut IP-ampec, mo3BONSIOMIMIT MOCTPOUTH OJIHY
JOTHYECKYI0 ceThb Ha 0a3e MHo)kecTBa (usmueckux ceredl. Takoe coeguHeHME
MHOKECTBA CETEH MEXay cOoO0N W TOCITYXHJIO OCHOBOW ISl CO3/MaHUSI TEPMHHA
Internet. MHO>eCTBO coeTMHEHHBIX MEXKIY CO00i (pr3nueckuil cereid, 00beIMHEHHOE
OOIIMMH IPOCTPAHCTBOM YHHKAIbHBIX anpecoB |P, Ha3wsiBaeTcs internet.

I[P mpsiuer cereBoe OOOpPYAOBAHME HIDKENEKAIIMX YPOBHEM OT CETEBbIX
npuioxeHuil. Ecinu Bbl co3gaii HOBYIO (PM3HUECKYIO CE€Th, €€ MOXHO COEJIMHUTH C



Ipyrumu cetsamu (internet), UCMONb3ysl COOTBETCTBYIONINE ApaiiBepbl U Moayiu IP.
Takum 00pa3om, ceTeBble MPUIIOKEHUS CTAHOBATCA HE3aBHUCHUMBIMU OT (PU3UUECKUX
uHTep(elicoB 1 HE MOJIBEPIKEHBI BIUSIHHUIO B PE3yJIbTATE 3aMEHBI CETEBBIX YCTPONUCTB
WIM MOJKIIFOUYEHUS HOBOM TEXHOJIOTHHU.

IP-anpecanus

OcHoBoil pyHkimonupoBanus npotokona IP ssnsercs IP-anpec.

IP-anpec (aitnu-agpec, cokpamieHue ot aHri. Internet Protocol Address) —
CETEBOW APEC y3JIa B KOMIIBIOTEPHOU CETH, ITOCTPOCHHOU 1O MpoTokoiy IP. B cetn
HuTtepuer Tpebyercs riobanpHash YHHUKAJIBHOCTH ajJipeca; B ciiydyae padOThl B
JIOKaJIbHOW ceTu TpeOdyeTcs YHUKAIBHOCTh ajJpeca B mpenenax cetu. B Bepcun
npotokona IPv4 IP-aapec umeer nuny 4 Gaiira.

IP-agpec Ha3bIBalOT CTATUYECKUMM, €CIM OH HAa3HA4aeTcs IO0Jb30BaTelIeM B
HACTPOMKAX CETEBOr0 YCTPOMCTBA U SIBJISIETCS MOCTOSTHHBIM.

IP-anpec Ha3pIBAIOT AMHAMUYECKUM, €CJIM OH Ha3HAYAETCS aBTOMATUYECKHU MPU
MOJKJIIOYEHUH CETEBOr0 YCTpOMCTBA K ceTu (Hampumep mno mporokorxy DHCP).
JluHaMUYeCKH MOJTYUYEHHBIN aJpec MOXKET ObITh KaK MOCTOSIHHBIM (B Cily4ae, Korjaa
Harpumep 1o nporokoxy DHCP u3 pa3za B pa3 Belgaercs oauH u ToT ke [P-agpec u on
HE M3MEHSETCS 10 MCTeUYeHUH lease-time), Tak U HEMOCTOSHHBIM (B cllydae, Korjaa
Harpumep cepBep DHCP ucnonb3yer myn IP-agpecoB 6e3 mpuBsizku [P-MAC, u
Kbl pa3 nmoydeHHsbIi [P-afpec pa3HbIil 1 MOXKET U3MEHUTHCS 110 UCTeUeHUH lease-
time).

IP-anpeca npencraBistoT co00i OCHOBHOM THUII aJpEeCOB, HA OCHOBAHUHU KOTOPBIX
CETEBOM YPOBEHb MEpeaeT MaKEThl MEXIY CETIMU. DTHU ajJpeca cocToAT u3 4 Oailr,
Hanpumep 109.26.17.100. IP-agpec Ha3zHayaeTcss aIMHHUCTPATOPOM BO BpeMs
KOH(UTYPUPOBAHUS KOMITBIOTEPOB M MaplipyTuzaTopoB. [P-aapec coctout u3 nByx
yacTell: HoMepa ceTu U Homepa yzna. Homep cetu Moxker ObITh BbIOpaH
aJIMUHUCTPATOPOM MPOU3BOJIbHO, MO0 HAa3HAYEH MO PEKOMEHAAIMH CIEUUATBbHOTO
noapazneneHus Internet (Internet Network Information Center, InterNIC), eciiu cetpb
JIOJDKHA paboTaTh Kak cocTaBHas yacTh Internet. OOBIYHO MOCTABITUKH yCIyT Internet
MOJTY4aroT JUaria3oHsl aapecoB y noapazaeneHuid InterNIC, a 3arem pacnpeaenstor ux
Mexay cBouMu aboneHtamu. Homep y3ma B mporokosne [P HazHauaeTcss He3aBUCHUMO
OT JIOKAJBHOIO ajapeca y3jia. MapupyTu3atop IO ONPEAECIECHUI0 BXOAUT Cpa3y B
HECKOJbKO ceTe. [10aToMy KaxkIIbIii TOpT MapiIpyTU3aropa umeeT coocTBeHHbIH [P-
anpec. KoneuHbl y3en Takke MOXKET BXOAUTh B HECKOJIBKO [P-ceteit. B aToMm ciryuae
KOMIIBIOTEP JOJKEH UMETh HECKOJIBKO IP-aipecoB, 1o 4nciny ceTeBbIX CBA3EH. TakuMm
oOpa3zoMm, [P-afipec xapaktepusyeT He OTAENIbHBIA KOMITBIOTEP WM MapLIPyTU3aTOp, a
OJIHO CETEBOE COECTMHEHUE.

IP-anpec umeer qunny 4 6aiita © 0OBIYHO 3aITUCHIBAETCS B BUJIE YETHIPEX YUCET,
MPECTABIISIONIUX 3HAYEHUS KaXJ0ro OaiTa B JeCATHUYHOU (popMe U pa3ereHHBIX
Toukamu, Hamnpumep, 128.10.2.30 — TpaaunmoHHas jAecsiThyHas  (opma
npeacraBiaeHus aapeca, a 10000000 00001010 00000010 00011110 — nBomyHas
dhopma IpeACTaBICHHS 3TOTO Ke ajapeca.



IP-anpec umeer nuny 4 Gaiita 1 OOBIYHO 3aMUCHIBACTCS B BUC YETHIPEX YKCE,
MIPEICTABIIIONINX 3HAYCHUSI KaXXKIOTO OaiTa B ACCATHYHON (GopMme, U pas3aeICHHBIX
TOYKaMH, HAIIPUMeED:

128.10.2.30 — TpagumrionHas necatudHas (hopma IpecTaBIeHUs aapeca,

10000000 00001010 00000010 00011110 — nBomuHasi ¢hopMa MPEACTABICHUS
ATOTO K€ aapeca.

Ha pucynke nokasana ctpykrypa IP-anpeca pa3HbIx Ki1accos.

B BT B BT 8 Gurr 8 BT

Knacc A 0] Me ceTw | Na yana |
knaccB [1]0] Ne ceTh Nayana |
knace ¢ [1]1]0] Na ceTw Ne yana ]
knace D [1]1]1]0 Afpec rpynnsl multicast |
KnaccE [1]1]1]1]0 3@pe3epeVp cBaHo |

IP-anpeca pasnensrorcs Ha 5 kimaccos: A, B, C, D, E. Anpeca kmaccoB A, Bu C

JIETISATCA HA JIBE JIOTUYECKHUE YACTH: HOMEP CETH U HOMEDP y3Ja.

VY aapecos kitacca A crapumii OuT ycranossieH B 0.

V¥ aapecos kiacca B nBa crapimx 6uta ycraHoiieHbl B 1 1 ) COOTBETCTBEHHO.
VY anpecos kinacca C Tpu crapiimx Outa ycraHoBlieHbI B 1, 1 1 0 COOTBETCTBEHHO.
Anpeca kiacca D mpenctaBisioT coboi crienalibHbIe apeca, He OTHOCSIIHUECS

K oTAenbHBIM ceTsiM. [lepBoie 4 O6uta 3TUx aapecoB paBubl 1110. Anpeca kmacca D

UCIIOJIB3YIOTCS JIJIi MHOT0Q/IPECATHBIX MTAKETOB.

Anpeca B nquamnazone 240.0.0.0-255.255.255.255 na3eiBaroTcs agpecaMu Kiacca

E. IlepBbiii okTeT 3TUX ajapecoB HauumHaerca c OutoB 1111. Otm anapeca

3ape3epBUPOBAHBI sl OYIyIIUX JIOMOJHEHUHN B cxeMe aapecaiuu [P.

Cnyxebubie [P-aapeca:

1. Ecnu Bce 6uTthl [P-anpeca ycTaHOBJIEHBI B HYJIb, TO OH 0003HaYaeT aJipec JaHHOTO
YCTPOWCTBA.

2. Ecnu B mose HOMepa CETH CTOST HYyJIH, TO CYHTAETCs, 4YTO TOJydareihb
IIPUHAJIEKUT TOM KE CAMOM CETH, UTO U OTIPABUTEIIb.

3. Ecnu Bce Outhl [P-anpeca ycTaHOBJIEHBI B €IMHUILY, TO TAKET C TAKUM aJpecoM
JIOJDKEH pAacChUIaThCsl BCEM y3JaM, HAXOISAIIMMCS B TOW K€ CETH, 4YTO U
oTOpaBuTeNb. Takasi pacchblIKa Ha3bIBAETCS OTPAHUYEHHBIM IIMPOKOBEIIATEIbHBIM
coobmennem (limited broadcast).

4. Ecnu Bce OUTHI HOMEpa y3Jia YCTaHOBJICHBI B HYJIb, TO IMAaKeT MpeaHa3Ha4YeH IS
JTAHHOU CETH.

5. Ecnu Bce OuThl B moJIe HOMEpa y3Jla YCTAHOBJEHBI B €IMHHUILY, TO MaKET
pacchlIaeTCsd BCEM y3JIaM CeTH C JIaHHBIM HOMEpPOM ceTu. Takasi pacchuika
Ha3bIBAETCS IMIMPOKOBEIIATEIHHBIM cooOIieHneM (broadcast).

6. U3 3TuX ABYX MYyHKTOB BHJIHO, YTO B JIIOOOW CETH JBa 3HAYEHUS HOMEpA y37a
3ape3epBUPOBAHBI /IS CTY>KEOHOW HaTOOHOCTH.



7. Ecnu nmepBbIit OKTET ajipeca paBeH 127, To aapec 0003HAYaET TOT K€ CaMbIi y3ell.
Takol agpec UCMoOab3yeTCs U1 B3aUMOJCHUCTBHS MPOLIECCOB HA OJTHOW U TOU KeE
MaliuHe (Hampumep, JJIs LeJed TEeCTHPOBaHHA). DTOT aJpec MMEET Ha3BaHHE
Bo3BpartHoro (loopback).

Hcnoan3oBanue macok B IP-agpecaunu

TpaguuuonHas cxema nenenus [P-agpeca Ha HOMep ceTH 1 HOMEp y371a OCHOBaHA
Ha TMOHATUU KJacca, KOTOPbIM OMpenemnsieTcs 3HaYCHUSIMU HECKOJIbKUX TMEpPBbIX OUT
aapeca. MimeHHo motroMmy, 4To TepBbIA OalT aapeca 185.23.44.206 momamaer B
nuamna3zoH 128-191, Mbl MOkeEM CKas3aTh, 4TO ATOT aJ[pec OTHOCHUTCS K Kiaccy B, a
3HA4YUT, HOMEPOM CETH SIBIISIFOTCS NIEPBbIE IBa OaiiTa, TOMOJIHEHHBIE IBYMS HYJICBBIMU
Oaiitamu — 185.23.0.0, a Homepom y3ma — 0.0.44.206.

A 4YTO €clu UCHOJIb30BaTh KAaKOW-TMOO APYroi Mmpu3HaK, ¢ MOMOIIbI0 KOTOPOTO
MO>XHO ObLIO Obl Oojiee TMOKO yCTaHaBIMBATh T'PAHUILy MEXKIYy HOMEPOM CETH U
HOMEpoM Yy3na? B kadecTBe Takoro IIpU3HAKa CeWdac IMOIMYYHWIIA IIMPOKOE
pacrnpocTpaHeHHe Macku. Macka — 3TO 4MClI0, KOTOpOE€ HUCMoib3yeTcs B nape ¢ IP-
aZpecoM; JBOWYHAsA 3alHCh MACKHA COJIEPKUT €IUHUIBI B TEX pa3psalax, KOTOPbIE
noJKHBL B [P-afapece nHTEepripeTupoBaThesi Kak HoMep ceTH. [I0CKOJIbKYy HOMEp CEeTH
ABJISIETCA LEbHOW YacThIO a/Ipeca, €WHULIBI B MACKE TAKXKE JIOJKHBI MPEICTABISTh
HEIMPEPBIBHYIO MOCIEA0BATEIbHOCTb.

JInst cTaHIapTHBIX KJIACCOB CeTEe MAacKd MMEIOT CIEAYIOIINEe 3Ha4YeHHs (CM.
Puc. ):

kimacc A —11111111. 00000000. 00000000. 00000000 (255.0.0.0);

kimacc B—11111111.11111111. 00000000. 00000000 (255.255.0.0);

kimacc C—11111111.11111111.11111111.00000000 (255.255.255.0).

Cxema pazgenenust [P-anpeca Ha HOMEp C€THM M HOMEp y37a, OCHOBaHHAs Ha
MOHATUHU KJlacca ajapeca, ABISIETCS JOCTATOYHO rpyOo0il, MOCKOJBbKY MpeArnojaraet
Bcero 3 BapuaHTa (kiaccel A, B u C) pacnpeneneHusi paspsiioB ajapeca IMoJ
COOTBETCTBYIOIIME HOMEPA.

PaccmoTpum 11 mpuMepa Clenyoyo cUTyamuio. JJonycTuMm, 4To HEKOTOpas
KOMIaHus, NoAKIouaroniasca Kk MTarepHer, pacnosaraer Bcero 10-10 KOMIIbIOTEpaMHU.
[TocKOJIbKy MUHUMAaJIbHBIMH IO BO3MOKHOMY UYHCITY y3JIOB SBJISIFOTCS ceTu kinacca C,
TO 3Ta KOMITAHHS JOJDKHA OblIa OBl MOMYYUTh OT OpraHU3alliH, 3aHUMAIOIICHUCS
pacripeneneaueM IP-agpecoB, nuamazon B 254 ampeca (omHy ceTth kiacca C).
Heyno06¢cTBOo Takoro moixo/1a oueBUIHO: 244 agpeca OCTaHyTCS HEMCIIOJIb30BaHHBIMH,
MOCKOJIbKY HE€ MOTYT OBITh pacHpeiesieHbl KOMIBIOTEpAM JPYTUX OpraHu3aIui,
PacnoIoKEHHBIX B APYTUX (pu3nyeckux ceTsax. B ciyyae ke, eciiu paccMarpuBaemast
opraHuzaiys uMena o0l 20 KOMIBIOTEPOB, PACIPEICICHHBIX MO ABYM (PU3HUUYECKUM
CETSIM, TO el JT0JIKeH ObLIT ObI BBIICIATHCS TUana3oH AByX ceTei kiaacca C (1o oqHOMY
JUTSL Kaxaou pusudeckoit cetu). [Ipu 3TOM 4MCIIO «MEPTBBIX» aPECOB YABOUTCS.

Cuabxas xkaxnaeiii [P-agpec mMackoi, MOXKHO OTKa3aThCsl OT MOHSTHI KJIAaCcCOB
aZpecoB M craenaTh Oosee ruOKoil cucreMy aapecanuu. Macka mojaceTd — 3710 4-
0aliTOBOE YHUCIIO CHELHMAIBLHOTO BHJA, KOTOPOE HCIHOIB3yeTCsl COBMECTHO C [P-
aapecoM. «CrnenuanbHbId BHUII» MAaCKM MOJICETH 3aKIIOYAaeTCs B CIEAYIOUIEM:
JIBOUYHBIE pa3psibl MACKH, COOTBETCTBYIOIINE pa3psanam [P-anpeca, oTBeA€HHBIM MOT



HOMED CETH, COJIepKaT €IMHULIbI, a B pa3psax, COOTBETCTBYIOLIUX pa3psaaM HoOMepa
y371a — HYJIH.

Hampumep, ecnu paccmoTpeHHbIi Boile aapec 185.23.44.206 accounnpoBaTs ¢
Mackoi 255.255.255.0, To nomepom cetu Oynet 185.23.44.0, a ne 185.23.0.0, kax 310
OIPEEIEHO CUCTEMOM KJIacCOB.

WUnu, nanpumep, macka 255.255.255.240 (11111111 11111111 11111111
11110000) mo3BomsieT pa3douTh nuana3oH B 254 IP-anpeca, oTHOCAIIUXCS K OJTHON CETH
kiacca C, Ha 14 quana3oHOB, KOTOPBIE MOTYT BBIJIEISATHCS Pa3HbIM CETSIM.

B Mackax KOJTU4YeCcTBO €MHUIL B TIOCIEI0BATEIIBHOCTH, ONPEACIISIONICH TrpaHuILy
HOMEpA CETH, HE 0053aTEeNBbHO JOJKHO OBITh KPATHBIM 8, YTOOBI TOBTOPSTH JEICHHUE
aapeca Ha Oaitel. IlycTh, Hanmpumep, mis IP-ampeca 129.64.134.5 ykazana macka
255.255.128.0, TO ecTh B IBOMYHOM BHJIC:

IP-aopec 129.64.134.5 - 10000001. 01000000.10000110. 00000101

Macka 255.255.128.0 - 11111111.11111111.10000000. 00000000

Knacc A
1 w X | Y | Z
O [TTTT T TT T TPI I IITT I TT T L]
2 Buthl zafz3 Buthl .
HOMEDE CETH HOMEpE y3na
Crapwwuit BMT ¢ DUKCMPOEGHHEIM SHIYE HUE M
Knacc B
l W | X Y | Z
Glof [T PPTT PP PP PPy
31:30(29 = 16[15 EuThl 0
HOMEDE CETH HOWMEpE y3na
Crapwwe BWTel ¢ DMKCMPOBEHHEIM 3 HE YE HME M
Knace C
l W | X | Y Z
Glafol [T P PTT PP PTI PP PITT Tl
R Buthi &7 Buthl
HOMEDE CETH HOMEpE y3na
Crapwwue BuTE ¢ HMECMPOBEHHEIM 3 HE YE HHE M
Knacc D
[ w | X | Y | z
ool PP PP PP TPl
21 2827 u}
BEuthi
agpeca rpynnel
Crapwwe BMTel C DUKCHMPOBEHHBEIM 3 HE YE HHE M
Knacc E
| w | X | Y | z
Glalafalof TIPTTPTPPTI PP RTTT L]
21 27|26 u}

Crapwwe BUTE © HMECHMPOBIHHEIM 3HE YE HHE M
Puc. 3. IBoununsie cxemsbl IP-anpecos kiaaccoB A, B, C,Du E

Ecnu urHopupoBaTh Macky, TO B COOTBETCTBHUM C CHCTEMOW KJIAaCCOB afpec
129.64.134.5 oTtHOCUTCA K Kiaccy B, a 3HaYUT, HOMEPOM CETH SIBISFOTCS IEPBBIE 2
Oaiita — 129.64.0.0, a Homepom y31a — 0.0.134.5.

Ecnu xe ucnonb3oBaTh AJiA ONpeNeNeHUs TPaHullbl HOMEpa CeTh Macky, To 17
MOCJIEI0OBATENbHBIX €IUHUI] B MacKe, «HaJOKeHHbIe» Ha [P-ampec, ompenensior B
KaueCTBE HOMEpa CETU B JIBOMYHOM BBIPAKEHUH YHCIIO:

10000001. 01000000. 10000000. 00000000 mau B HecaTUYHON (PopMe 3amUCh —
HoMep cetu 129.64.128.0, a Homep y3na 0.0.6.5.



Iopsinok pacnpenenenus IP-agpecos

Homepa ceteii HazHayaroTcsi JUOO LEHTPAIM30BAHHO, €CIU CETh SIBIISIETCS
gacTeio Internet, 1100 MPOU3BOJIBHO, €CJIM CETh paboTacT aBTOHOMHO. HoMepa y310B
Y B TOM U B JPYTOM CJIy4dae aIMUHUCTPATOP BOJIEH HA3HAYATh 10 CBOEMY YCMOTPEHHIO,
HE BBIXO/ISI, pa3yMEETCs, U3 Pa3peIICHHOIO JIJI 3TOr0 KJIacca CETH JAuaria3oHa.

B cranmaprax Internet ompeneneHO HECKOJBKO JIMANa30HOB  aJIPECOB,
PEKOMEHYEMBIX JJISl JIOKAJIBLHOTO WCIIOJIB30BaHUsI. JTH ajpeca He o0pabaThIBarOTCs
MaplipyTu3atopaMu Internet HU TpU KakuX YCIOBUSX. AJlpeca, 3ape3epBUPOBaHHBIC
TUTSI JIOKQITBHBIX T1eJIeH, BRIOpaHBI U3 pa3HBIX KIaccoB; B kiacce A —3to ceth 10.0.0.0,

B Kitacce B — 310 qumanazon u3 16 Homepos cereit 172.16.0.0-172.31.0.0, B xmacce C —
9TO muanasoH u3 255 cereit — 192.168.0.0-192.168.255.0.

IP-mapmpyruzanus

IP-mapmpyTu3zanus — npouecc BbIOOpa MyTH IS nepenayu nakera B cetu. [lox
nyTeM (MapLIpyTOM) MOHMMAETCS IMOCIEAOBATEIBHOCTh MapLIPYTU3aTOPOB, YEpe3
KOTOpBIE MPOXOJAUT MAKET MO IyTH K y3JIy-Ha3HaueHuro. IP-mapumpyruzaTtop — 310
CHELMAIbHOE  yCTPOMCTBO, MpeAHa3HAYEHHOE [UIsi OObEIUWHEHUS CeTed U
00€eCIeunBaroIIee OINPEACICHHE MYTH MNPOXOXKIAEHUS IMAaKETOB B COCTABHOW CETH.
MapuipyTu3atop HOKEH HMETh HeECKOoJabko [P-agpecoB ¢ HoMepamu cere,
COOTBETCTBYIOIIMMH HOMEpaM 00beInHsIeMbIX ceTell (Puc. ).

2111 2114
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Puc. 4. [Ipumep obobennnenus cereii ¢ nomomsbio IP-mapupyrusaropos.

MapupyTr3anus OCyleCTBISIETCS Ha y3JIE-OTIIPABUTENIE B MOMEHT OTIIpaBKu [P-
MaKeTa, a 3areM Ha [P-mapmpyrtuszatopax.

[IpyHIMT MapLIPyTU3AUU HA Y3J1€ OTIPABUTENE BBITJIAIUT JOCTATOYHO MTPOCTO.
Korma TpeOyercsi oTnpaBuUTh NakeT y3iay c omnpeneneHHbM IP-ampecom, To y3en-
OTIPABUTEIb BBIIEIISET C MOMOIIBIO MAaCKU ToiceTu u3 cooctBerHoro [P-anpeca u IP-



azpeca noiydarens HoMepa cereil. Jlanee Homepa ceTeil CpaBHUBAIOTCSA U €CJIM OHU
COBIAJAIOT, TO MAKET HANpPaBJSIETCS HEMOCPEACTBEHHO MOJY4YaTeI0, B IPOTUBHOM
clly4ae — MaplIpyTH3aTopy, Y€l aapec yKa3zaH B HaCTpouKkax rnpotokoa IP.

Bre16op myTu Ha MapumipyTHU3aTope OCYIIECTBISETCS Ha OCHOBE WMH(pOpMAluH,
NpeCTaBICHHON B Tabnuile mapuipyTuzaiuu. Tabauua mapwipymuzayuu — 35TO
crenuanpHas Talnuia, comocTaBisiomas [P-agpecam cerelt aapeca ciemyronmx
MaplIpyTU3aTOPOB, HA KOTOPHIE CIEAYET OTIPABIIATH MAKETHI C LEIBIO0 UX JOCTABKHU B
3T cetu. OOs3aTENIbHON 3alUChI0 B TaONMLe MaplIPYTHU3ALMUU SBISETCA Tak
Ha3bIBAEMbId MAapHIPyT IO YMOJIYAHHIO, COJAEpKAIUi HHPOpMAIMI0 O TOM, Kak
HAIpPaBIIATh MMAKETHI B CETH, aipeca KOTOPBIX HE MPUCYTCTBYIOT B TaOIUIE, TOITOMY
HET HEOOXOJMMOCTH ONUCHIBATH B TAOJIMIE MapLIPYThl JUIs BceX ceTeil. Tabiuisl
MapLIPyTU3aLUU MOTYT CTPOUTHCS «BPYUHYIO» AMUHUCTPATOPOM WM JUHAMUYECKH,
Ha OCHOBE OOMEHa MH(OpMalMel, KOTOPbI OCYIIECTBISIOT MaplIpyTHU3aTOPbl C
MOMOILBIO CHEIUAIBHBIX MPOTOKOJIOB.

YroOpl Nydiie MOHATh TAOJWLBI MapLIPYyTH3aLUUMU PACCMOTPUM CHayajga cam
IpoliecC MaplIpyTU3ALUH, U3yYUM ajapecanuto [P u Torga npucTynum K JeTaibHOMY
PacCMOTPEHUIO TaOJIHII.

IIpsimasi mapmipyTu3anus
Ha Puc. 5. moka3ana HeGombias ceTh ¢ 3 komnbroTepamu — A, B u C. Kaxaprii
u3 komnelotepoB umeet ctek TCP/IP. Anantep Ethernet B kaxoM U3 KOMIBIOTEPOB
uMeeT yHUKanbHbIN anpec Ethernet. [y kaxaoro koMnbroTepa aAIMUHUCTPATOP CETU
Bbenun aapec [P, koTopeiil cBszan ¢ uHTepdeiicom Ethernet, ycTaHOBIIEHHBIM B
KOMITBIOTEPE.

Vien A V3en B V3en C

Puc. 5. OqgnocermentHas cethb IP

Korna A nepenaer IP-naketr komnerotepy B, B 3aronoske nakera [P conepxurcs
IP-anpec komnbroTepa A (aapec otnpasutens) u aapec Ethernet komnbroTepa A. B
3aronoBke I[P cogepxutcs Takxke I[P-ampec kommberotrepa B u aapec Ethernet
KomImbroTepa B.

Taoauna 2
Anpec Otnpasurens |[lonydarens
3arosoBok [P A B
3aromnoBok Ethernet A B

B srom mnpocrom mnpumepe I[P moutm Huyero He A00aBIsET K CEPBUCY,
obecrieunBaemoMy Ethernet. Ognako [P yBenmuuBaeT pacxoa CUCTEMHBIX PECYpPCOB
— TpebyeTcst JOMOJHUTEIBHOE MPOIIECCOPHOE BpeMsl M JOMOJHUTEIbHAs MoJioca
KaHaJja JJi1 reHepaluu, rnepeaayu u paz0oopKku 3arojoBkoB [P.

Korga IP-monyns komnerorepa B npunumaer naket [P ot kommnberorepa A, oH
nposepser [P-aapec mosydarens (Ha TpeAMET COOTBETCTBUSI CBOEMY ajpecy) U
nepeaaeT JedTarpaMMy BhIIIENIeKaIEMy YPOBHIO (€C/I apeca COBMAIAIOT).



OOmMeH maketamu Mexay A U B ucnonszyer npsimyro Mapuipytusamnuio (direct
routing).

Henpsimasi MapmipyTusanusi

Ha Puc. npencrasnen 6ojee peaiabHBIN npuMep internet — ceTb COAEPKUT TPU
cetu Ethernet (tpu cetu IP), coenunennbix IP-mapuipyTtuzaropom (kommnsrotep D).
Kaxxnas u3 cereit [P cogepxut o 4 koMnbioTepa M KaXIbli U3 3TUX KOMITbIOTEPOB
uMeeT cBoM aapeca IP u Ethernet.

V3en E V3en F V3en G
1 1 1
3 Ethernet 2 (IP cetr Ne20)
V3enm A V3en B VY3en C Mapupytuzatop
V3en D
1 1 1
1 2
Ethernet 1 (IP cets Nel0)
V3ea H Vien | Vi3enJ
1 1 1

Ethernet 3 (IP cets Ne30)

Puc. 6. Tpu noacern IP B ogHoii ceTn

Ha Bcex kommbroTepax, 3a wuckimoueHueM D, ucnonwszyercs crek TCP/IP.
Kommnsrotrep D saBnsiercsa [P-mMapuipyTu3aTopoM — OH MOAKIIFOUYEH KO BCEM 3 CETSM W,
cienoBarenbHo, umeeT Tpu azapeca I[P um 3 aapeca Ethernet. B kommbrorepe D
ucnonb3yetcs crek TCP/IP (ucnonb3yeTcs Tpu ceTeBbIX agantepa). B kommbrotepe D
ucnonb3ytorest 3 moayns ARP u 3 npaiiepa Ethernet, Ho momyns IP mo-mpexxaemy
OJIMH.

AJIMUHHCTpATOp CETU MPHUCBAaUBAET YHUKaIbHBIN HoMep ([P-agpec) kaxnomy u3
agantepoB Ethernet.

Korna komnerorep A nepenaer naket [P komnerorepy B, mporiecc He oTimyaercs
OT ONMCAHHOW BbIlIE OpSAMOW MapuipyTuzauuu. JIr00oil 0OMEH makeTaMu MeEXIy
KOMIIBIOTEpAMH OJNHOW ceth [P ocymecTBisgeTcss ¢ HMCHNOIb30BaHUEM IPAMOU
MapuIpyTH3aLHH.

[Ipn B3aMMOJEWCTBMM KOMIBIOTEPOB D M A Takke HUCIOIb3yeTCs NpsiMas
MapLIpPyTH3aLKsl, AHAJIOTMYHO IIPOTEKAET M IMPOLECC B3aAUMOACUCTBUS MEKIY
komnbiorepamu D u E, D u H (kaxxnas u3 3Tux nap Haxogutcs B oHoM cetu IP).

Opnako npu oOMeHe MaKeTaMHU MEXIY KOMIIbIOTEPOM A, pacrojOXeHHBIM I10
OIHYy CTOPOHY MapLIPyTH3aToOpa, U KOMIIBIOTEPOM, PACIOJIOKEHHBIM IO IPYTYIO
cTopoHy Mapmipytuzaropa IP, npsmas mapuipytusanus yxke He Oyner paboTtars.
Kommnerotep A 10MKeEH UCTOIB30BaTh MapiipyTuzarop D 1 nepecbuiku naketos [P
B npyryto [P-ceTs. Takoii mporecc Ha3bIBaeTca HENMpsAMOM MapiupyTu3anuei (indirect
routing).



Mapumpyrtuszanus nakeroB IP ocymecrisgercs [P-mMonyisiMu 1 mipo3payHa s
TCP, UDP u ceTeBbIX NPHIIOKEHHIA.

Eciu A nepenaer naker IP xommberotepy E, B KauecTBe afpecoB OTHpPaBUTEI
ykazanbl aapeca [P u Ethernet xomnbiotepa A. Ilomydarenem maketoB IP sBisiercs
komnbtoTep E u ero aapec IP ykaspiBaeTcst B 3arojoBKe MakeTa, HO, MOCKOJBbKY IP-
MOJYJIb KOMIBIOTEPA A TMOCBUIAET MAaKeT Mapupyrtusaropy D i manpHewmien

nepechlky, B kauectse Ethernet-anpeca nomyuarens ykassiaercs aapec D.

Tabéauna 2
Anpec OtmpaBurenb [Tosryyaresnb
3arosioBok [P A E
3arosoBok Ethernet A D

Mopyne [P xommeiorepa D mnosmywaer maker [P w mposepsier IP-agpec
ITOJTY4aTeIs, IOCIIE YETO MOXKET CKa3aTh: «ITO HE MOU apecy — M Iepeciiarh maker [P

KOMIbIOTEPY E, nCrons3ys npsMyro MapupyTH3ALHUIO.

Anpec OtmpaBurenb [Tony4arenb
3arosoBok IP A E
3arosnoBok Ethernet D E

[TpuBeneHHBIN BbIlIE TPUMEP MOKA3bIBAET, KAK aAMUHUCTPATOP MOKET Pa3OUTh
oonpuryto ceth Ethernet Ha HeckOJIBKO ceTel ISl CHMKEHMsI pa3MepoB oOJiacTein
pacrpocTpaHeHus MpoKoBeareibHoro Tpaduka Ethernet.

Ta6auna IP-mapmpyruzauuu

Kak momyns IP y3Haer, kakoil u3 ceTeBbIX MHTEP(EHCOB MCIOIH30BATH IS
nepenaun nakera [P? Monayne [P mpocmarpuBaeT TaOmuily MapiipyTH3AINH,
WCIIOJIb3Ysl B KAUECTBE KIIKOUEH MTOMCKAa HOMEpa CETeU, onpeesieHHble u3 [P-agpecos
MOJTy4aTeseH.

Tabnuia MapupyTU3ALUKU COAEPKUT MO OJTHOM CTPOKE JJIsl KAKI0TO MapIipyTa.
[lepBas konmoHka TabnauIbl yKa3eiBaeT HOMep cetu [P, BTopas — dnar direct/indirect
(mpsimasi/HenpsiMasi  MapuipyTusamusi), Tpethsi — IP-amgpec Mapuipytuzatopa u
nocjeaHsiss — Homep ceteBoro uHrepdeiica. Ilo 3Toit Tabmuile MOKHO OMPENEIUTD
uHTEpQeic, uepe3 KOTOPbIN cileayeT nepeiaBaTh MaKeThl ¢ KaXIbIM U3 aapecos IP.

Ha  OoJbIIMHCTBE  KOMMBIOTEPOB  TaOJUIly  MapUIPyTH3AIUU  MOXKHO
pOCMaTpUBaTh M MEHATh C TOMOINBIO KoMaHAel route. ColepXKuMoe TaOIUIIbI
MAapUIPYTHU3ALUU 330A€TCS AJIMUHHUCTPATOPOM CETH, IOCKOJBKY OH OTBEYaeT 3a
pacnpenenenue aapecon [P Mexay KoMIbrOTEpaMU.

JleTaJm npAMoil MapIIPyTH3ALUU
Tabnuiia MappyTU3aluy sl Komnbeiorepa A OyJ1eT UMETh BU/L:

Tao6auna 4

Cetp @nar Howmep
direct/indirect uHTepdeica
10 direct 1

MapLIpyTH3aTOP




[Tonyuuth 3Ty Tabnuiy Ha 3KpaHe B OosibmMHCTBE UNIX-cucreM MOXHO C
OMOIIBIO KoMaHabl netstat -r. s Windows crucreM ¢ IOMOIIBIO KOMaHIbI route
print. B mpocToii cetw TaOMUIBI MapUIPyTH3allMd HAa BCEX KOMITBIOTEpax OyayT
UJICHTUYHBI.

Cyenapuii npsmou mapupymuzayuu

A mnepenaer maker IP xommnberorepy B. Ilaker IP naxomutcs B monyne [P
koMmmbioTepa A u B HeM ykazad [P-aapec nomydarens — B unu coorBerctByronmii 1P-
aapec. Moayns IP Beimenser ceteByro dacth aapeca IP (10 cets) m mpocmaTpuBaer
NEPBYIO KOJIOHKY TaOJMIIbl MaplIpyTHU3allMU B MOMCKaX HYXXHOU 3amucu. B Hamem
CJIy4ae 3Ta 3alucCh ABJISIETCSA €IUHCTBEHHOM.

OcranbHble KOJIOHKH 3TOW 3aIlMCH IMOKa3bIBAIOT, YTO KOMIIBIOTEPHI 3TOM CETH
JIOCTYIIHBI C UCIIOJIb30BAaHUEM IIPSIMOM MapiipyTu3aiuu yepe3 unrepdeiic 1. Tadbnuia
ARP no3Bosnsier onpenenuts aapec Ethernet ans komnerotepa B u maker nepenaercs
TOMY KOMITBIOTEPY depe3 uHrepdeiic 1.

Ecnu mpunokeHue NbhITaeTCsA Iepenarh NaHHble MO JApyromy anpecy IP, He
Bxogdamemy B 10 cerp, Moaynp [P He cMOXkeT HalTH COOTBETCTBYIOLIEH 3aIlUCH B
Tabnuie Mapupytusanuu. B takom cioydae moayiis [P mpocto orOpacsiBaeT nakersl,
a MpUJIOKEHUE TosrydaeT coobuienne o0 ommubke tuna Network not reachable (cetp
HEJIOCTYTIHA).

JleTaJii HenmpsIMOM MapIUIPYTH3ALMHU
BepHemcs k 6oee ca0KHOMY IpUMEPY MapLIpyTU3aLUU.
Tabnuua MapupyTusanuu B komnsrorepe alpha 0yner umers BUI:

Taoauna 5
Cetp @nar Mapupytuzarop | Homep
direct/indirect uHTepdeiica
10 direct 1
20 indirect D 1
30 indirect D 1

B xadecTBe ajpeca MapuipyTU3aTopa B TabJIUIE MapIIPyTU3ALUU KOMIIbIOTEpa A
ykazan [P-anpec untepdeiica D, mogkmtouennoro k 10 cern.

Cyenapuil HenpsaMou Mapupymusayuu

A mnepenaer maker IP kommnstorepy E. Ilaker IP naxomutcs B moxayne IP
koMIibtoTepa A u conepxut IP-agpec nomyudarens E. Monyns IP Beinensier cereByro
yacTh ajpeca |IP (20) u mpocmaTpuBaeT NepByIO KOJIOHKY TaOIUIbI MAPIIPYTU3ALMH B
MOMCKax cOOTBETCTBUs. Mckomas 3amnuch HaXOAUTCA BO BTOPOU CTPOKE TaOIHUIIbI.

DTa 3amMch MOKA3bIBAET, YTO AOCTyN K KommbioTepaMm 20 CeTM  MOXET
ocyuiecTBisAThCs uepe3 |P-mapumipyruzatop D. Monyns IP B kommbiorepe A
BBITIOJIHSET TPAHCISAIUIO aapecoB ¢ momomibio Tabmumsl ARP  mna IP-ampeca
Mapuipytuzaropa D u nuter nmaker |IP sTomy MapuipytuzaTopy uepe3 CBOM CETeBOil
untepdeiic 1. [Taker IP mo-npexHeMy B KauecTBE ajpeca Moydaresisi COACPIKUT aapec
E.

[Taker IP mpuxomut Ha ceteBoil mHTepdeiic kommbioTepa D u mepemaercs
Moayto |IP. Moayne npoBepsieT aapec moJiydaresns M, HE Haillsl COBIAJEHUS HU C
OJIHUM U3 CBOMX MHTEp(ENCOB, pemaeT nepeciarsb naker IP.



Monyns IP B komnbioTepe D BhizienseT ceTeByto yacTh aapeca nomydarens (20)
¥ IPOCMATPUBAET CBOIO TAOJHITy MaPIIPyTH3AINHN:

Tadauua 6
Cetb @nar MapILIpyTU3aTop Homep
direct/indirect unrepdeiica
10 direct 1
20 direct 3
30 direct 2

Hy»xHas 3anuch HaX0AUTCS BO BTOPOM cTpoke Tadauiibl. Moayis IP nepechuiaer
nakeT [P xomnbrorepy E Hanpsmyto yepe3 unrepdeiic 3. [Taker comepxut agpeca [P
u Ethernet kommbroTepa E.

[Taker I[P mpuxomutr B kommbiorep E m mepemaercs monymo IP, xoTopsiii
nposepsieT [P-anpec u, Haliasg COOTBETCTBUE CO CBOMM aJpECOM, NEPEAAET NAKET HA
BBIIIIEIICKAIIUN YPOBEHb.

[Ipu nepenaye makeroB |P yepe3 OonblIyt0 ceTb OHM MOTYT NHPOMTH 4Yepes
MHO>KECTBO MapIIpyTU3aTOPOB Ha ITyTH K noxyyaTtento. I[TyTh makera He MOXKET ObITh
3aJaH OTIIpPaBUTEJIEM U OIpEAENseTcs BCAKUI pa3 IMyTeM MOpocMOTpa TalIHuil
MapuipyTH3allud BJIOJb IIyTH JOCTaBKM MakeTa. Kaxaplii M3 KOMIIBIOTEPOB
(MapmIpyTHU3aTOPOB) 33JJa€T TOJIBKO aapec cleayromiero Mappytusaropa (next hop),
KOTOPOMY MaKeT NepenaeTcs s JATbHEUIIEH EPECBIIKH.

[Tonnepkka KOPPEKTHBIX TaONMIlI MapIIpyTU3allMM Ha BCEX KOMIIBIOTEPAX
OONBIION ceTH SBISETCS CIOKHOM 3anayeil, MOCKOJbKY KOHQUIypaluus CeTH
MOCTOSIHHO M3MEHAETCS aMUHUCTPATOPaMHU C YYE€TOM TPEOOBAHMI MOJIb30BATENIECH.
Omuoku B TabIMUAX MAPUIPYTU3ALMK MOTYT MOJHOCTBIO HAPYIIUTh paboTy CETH, a
IMOUCK TAKUX OIIHNOOK ABJIAETCS JOCTATOYHO CJIOKHOU 3aauei.

CoxpaHeHHe MPOCTOTHI B CETEBOM KOH(UIypallud MIPacT BaXXHYIO POJIb MpU
co3aHuM HaAexxHoU cetu. Hanmpumep, Hanbosee mpocThiM criocoOoM (HO He HauboJee
onTUMalibHBIM) pacnpeneneHus IP-angpecos mis cereit Ethernet siBnsercs BbiaeneHue
eauHoro Homepa cetu IP mys Beeit cetu Ethernet.

Jns  HeOonmpmmx — cered  TabiuIbl  MaplIpyTHU3alUU CO3Jar0TCs
aJIMUHHCTPATOpPaMHU BPYYHYIO Ha KaxaoM Komibtorepe. s Oonpmmx cerei
UCHOJIB3YIOTCSL  CHEIUAIbHbIE MPOTOKOJBl MapIIpyTU3alud, oOecrneuynBarome
pacnpocTpaHeHHe TaOJIULl MapIIPyTU3ALHUU IO CETH.

[Ipn HacTpolike MapHIpyTHU3allMd MOTYT OKa3aTh MOMOIIb HEKOTOPBIE CETEBBIC
npotokonsl U mpmwiokeHus. [Iporokon ICMP (Internet Control Message Protocol)
MO3BOJISIET HAXOIUTh MPOOJIeMbl B MapiipyTu3anuu. Hanbosee yacto ucnosib3yembie
KOMaH/Ibl TAaHHOTO TPOTOKOJIA!

1. Ping — yrunurta ais MpoBEepKH coequHeHHMU B ceTsix Ha ocHoBe TCP/IP, a

TaK)Xe 00MXO0AHOE HAMMEHOBAHHUE CaMOTI'0 3ampoca.

2. Traceroute — 3To cimy>keOHasi KOMITbIOTEpHAs MporpamMMma, MpeaHasHadYeHHas
JUISL OTIpENeNICHUs] MapIIpyTOB ciefoBaHus JaHHbIX B cersx TCP/IP. B
cuctemax Microsoft Windows 3ta mporpamma HOCHUT Ha3BaHuE tracert, a B
cucreMax GNU/Linux, Cisco IOS u Mac OS — traceroute.



[Tpumep Ping B komanHO# cTpoke Windows:

C: \>ping www.ru
06meH naketamu ¢ www.ru [194.87.0.50] no 32 bawut:

OTeeT oT 194.87.0.50: 4ucno bauTt=32 Bpema=19mc TTL=56
OTeeT oT 194.87.0.50: 4ucno bauTt=32 Bpema=19mc TTL=56
OTeeT oT 194.87.0.50: 4ucno bauTt=32 Bpema=19mc TTL=56
OTBeT oT 194.87.0.50: 4yucno bant=32 Bpema=19Mmc TTL=56

CTaTucTuka Ping gna 194.87.0.50:

NakeTtos: oTnpaeneHo = 4, nonydeno = 4, notepsaHo = 0 (0% noTepsb),
NpubnusuTensHoe Bpema nNpuema-nepepauu B MC:

MuHumanoHoe = 19mcexk, MakcumanbHoe = 19 mcek, CpegHee = 19 mcex

CoN ey

[Tpumep Tracert B komanaHoi#t ctpoke Windows:

Tpaccuposka MapuwpyTa K waw.ru [194.87.0.50]
MaKkCuManbHbiM Yyucnom npseikkos 30:

1
2
3
4
5

(=)

<1 mMcC <1 mMc <1 mc 192.168.254.254

1 ms 1 ms 1 ms 31.28.48.1
1 ms 2 ms 1 ms br-l.tlt.aist.net.ru [81.28.160.15]
3 ms 9 ms 3 ms sma0l.tli23.transtelecom.net [217.150.37.58]

21 ms 30 ms 21 ms iki-cl-v110.demos.net [194.87.0.111]
18 ms 19 ms 18 ms www.ru [194.87.0.50]

TpaccupoBKa 3aBepleHa.

[Ipu mepenoce kommbioTepa u3 oxHoil IP-cetm B apyryiro, IP-agpec storo

KOMIIBIOTCpa OOJIZKCH OBITH M3MECHEH.

Wrak, 3anucu TabauIsl MApIIPYTOB TOYHO OMPEACIISIOT:

— Mecro Ha3HaueHUs (CETEBOM ajipec/mMacKka CeTH).
— Kakoii mapmpyTtuzatop (1IUTt03) UCIOIB30BaTh ISl MOCHUIKH MAKETOB K
MECTY Ha3HAUYEHUS.
— Kakoli uHTepdelic uCMONb30BaTh ISl TOCBUIKM IAKETOB K MECTY
Ha3HAYECHUSI.
Komanpa noGaBiieHus 3amucu B TaOIUILy MapIIpyTU3allud UMEET BU/L:

route ADD cemeegoii_adpec MASK cemesasn_macka winio3

Ha cnenyromem puc. 7 mpuBeaeH npuMep TaOIUIlbl MapIIpyTOB KOMIBIOTEPA,

KOTJIa OH MOJIKJIIOYEH TOJIbKO K OJTHOMY MapILIpyTHU3aTOPY.



CNUCOK WHTepdeicos

[0 | H N MS TCP Loopback interface

0x2 ...00 1f 16 16 db 7f ...... Realtek RTL8139/810x Family Fast Ethernet NIC
FUSWAKEE SbIPSWENT«WbP APBXEWT

0x40003 ...00 22 43 20 a3 1c ...... Atheros AR928X Wireless Network Adapter -

SWAKEE ALIP3WENTWbP APBXEWT

AKTUBHbIE MapWpyThi:

CeTeBOW aapec Macka ceTwu Aapec wnwsa UHTepdenc MeTpuka
0.0.0.0 0.0.0.0 192.168.254.254 192.168.254.243 20
0.0.0.0 0.0.0.0 192.168.254.254 192.168.254.241 10
127.0.0.0 255.0.0.0 127.0.0.1 127.0.0.1 1
169.254.0.0 255.255.0.0 192.168.254.243 192.168.254.243 20
192.168.254.240 255.255.255.240 192.168.254.241 192.168.254.241 10
192.168.254.240 255.255.255.240 192.168.254.243 192.168.254.243 20
192.168.254.241 255.255.255.255 127.0.0.1 127.0.0.1 10
192.168.254.243 255.255.255.255 127.0.0.1 127..0..0.1 20
192.168.254.255 255.255.255.255 192.168.254.241 192.168.254.241 10
192.168.254.255 255.255.255.255 192.168.254.243 192.168.254.243 20
224.0.0.0 240.0.0.0 192.168.254.241 192.168.254.241 10
224.0.0.0 240.0.0.0 192.168.254.243 192.168.254.243 20
255.255.255.255 255.255.255.255 192.168.254.241 192.168.254.241 1
255.255.255.255 255.255.255.255 192.168.254.243 192.168.254.243 1
OCHOBHOW W03 : 192.168.254.254

MOCTOSHHLIE MApWPYThi:
OTCyTCTBYET

Puc. 7. lIpumep Ta0au1bI MAPIIPYTH3ALUH

B nmpumepe Bbl MOKeTe YBUAETD 3aMUCh O 3 UHTEpeiicax:
1. Loopback — 3ambikanue Ha cebst (uaTepdeiic ¢ IP agpecom 127.0.0.1).
2. Realtek RTL8139/810x Family Fast Ethernet NIC — cereBoii amantep Fast
Ethernet (uatepdeiic ¢ IP anpecom 192.168.254.243).
3. Atheros AR928X Wireless Network Adapter — ceteBoii agantep 6ecripoBOIHOM
cetu WiFi (uatepdeiic ¢ IP anpecom 192.168.254.241).
Tabnuiia MappyTHU3alKU 110 CTOJIOIaM COJIEPIKUT:
— aJpec CeTH WM y3Ja Ha3HA4eHHUsA, JUOO yKazaHWe, YTO MAapIIPyT SIBISETCS
MapIIpyToOM M0 YMOTYaHHIO;
— Macky cetu HazHauenus (st [Pv4-cereit macka /32 (255.255.255.255) no3Bossier
yKa3aTb €AMHUYHBIN y3€J CeTH);
— 1IUII03, 0003HAYAOUIUN aipec MapIIpyTU3aTOpa B CETH, Ha KOTOPhIA HEOOXOAMMO
OTIIPaBUTH MAKET, CIACAYIONINA O YKa3aHHOTO aJpeca Ha3HAUYCHUS;
— uHTep(deiic (B 3aBUCUMOCTH OT CHCTEMBI 3TO MOXKET OBITh MOPSAKOBBIA HOMED,
GUID unu cuMBOJIBHOE UMSI YCTPOMCTBA);
— METPHUKY — YMCJIOBOW IMOKa3aTesb, 3aJal0IUN MPEeINOYTUTENIbHOCTh MapuIpyTa.
Uem MeHbLIE 4YHUCIO, TeM OoJee MPEeANoYTUTENeH MapupyT (MHTYUTHUBHO
IPEJICTaBISIeTCS KaK pacCTOsTHUE).

Hamnpumep, 5 u 6 3anuch roBopAT, 4TO €CJIM HaM HaJl0 MOCIaTh MAKET M0 aJapecy
ot 192.168.254.240-255, TO ero HaaO OTIPaBUTh YEpPE3 CETEBYID KapTy C
untepdeiricom 192.168.254.243 wnu 192.168.254.241. Tlone MeTpuka Mpu 3TOM
YKa3bIBa€T CTOMMOCTh Mapuipyta. MapmpyT C MEHBIIMM YHUCIOM METPUKH
(Metpuka=10, Wnutepdeiic 192.168.254.241) Oyner sBASATHCA NEPBUYHBIM, a C
oonpm (Metpuka=20, Uutepdeiic 192.168.254.243) pe3epBHBIM.

[To cormamenuto o6 IP-ampecax, xorma maHHbIE TMOCBUIAIOTCS IO aapecy C
nepBeIM OaiitoMm paBHBIM 127, Hampumep, 127.0.0.1, To oOpasyercs Kak Obl «IIETIsN.



JlaHHBIE HE IIEpPEAArOTCsA IO CETH, a BO3BPALIAIOTCA MOIYJISAM BEPXHETO YPOBHS
npotokona TCP/IP xak Tonmpko uto mpuusThie. [loaTomy B IP-cetn 3ampemraetcs
npucBauBarh MammHaMm [P-agpeca, HaumHarommecs co 127. Tperps 3amuch
IIPONMCHIBAET JAHHOE ITPABUIIO.

ConepxaTtenbHol 3anuchio siBisietrcs nepsas. [P-agpec 0.0.0.0 ¢ mackoit 0.0.0.0
o3HavaeT Jo0oi [P-anpec Besme. D10 HaswiBaercs lllmo3 mo ymomuanuto (default
gateway). [I1103 1m0 yMOJNYAHUIO SBISETCS TOCIEIHUM MapIIPyTOM, €CJH
WCIIOJIb30BAaHUE JPYTUX MapIIPyTOB HE MPHUBEIO K yCHEeXy. DTOT LUII03 SBISETCA
npo0iaeMol B MyJIbTUCEIMEHTHOM CETH TOJKIIOYEHHOW Yepe3 HECKOJIbKO
uHTeppeicoB. JTO 03HAYAET, UYTO €CIM Mbl HE MMEEM CTaTHYECKHUX MapIIpyTOB
(MOOOHBIX JIPYTUM 3alucaM) A0 MECTa Ha3HAYeHUs, TO Mbl MOChLJIAEM MaKeThl Ha
[UII03 TI0 YMOJIYAHHWIO, KOTOPBIA gocturaetcsi dyepe3 unrepderic 192.168.254.241
(WiFi amgamrep).

[pyrue 3anucu:

— 127.0.0.0 (localhost) — wnTepdeiic oOpaTHOW meTiM WM BHYTPESHHUN
untepdeiic [P-ctexka. DToT HHTEpdEc TOCTHKUM TOJIBKO C JIOKAJIBHON
MaII1HBI.

— 192.168.254.255 — mMpPOKOBENMIATENIBHBIA  aApec IS  PACCBHUIKH

IIMPOKOBEIIATEIbHBIX [TAKETOB 10 HAIIEH CETH.

— 224.0.0.0 — mmpoxoBemaTeNbHBI aJpec W Ha Bamly CeTh, M Ha CETh
npoBanjepa. Pe3ynpraroM AEHCTBUS JABYX 3allMCEld C CETEBBIM aapECOM
224.0.0.0 Oyxaer mmMpoKoBeUIaTENbHAS PACCHUIKA IMAKETOB MO Balleil CETH U
CETH MpoBaKuepa.

— 255.255.255.255 — ri1o6anbHbIN TIMPOKOBEIATEIHHBIN apec.

IIpuMep BbINOTHEHNS JIA00PATOPHO PadoTHI

3agaHue Ha MPOEKTUPOBAHKUE CETH
KomngecTBo sTaxkei B KomuuectBo OBM Ha sTaxke
3JaHUU
3aJlaHHOe B JabopaTopHoil paboTe No2

Pacuér agpecos B noaceTax Kamnyca

Jlns pacué€ra BBIOJHUM JICJICHHE CETH HA IMOJACETH C 33JaHHEM WM YCIOBHBIX
Homepos (Puc. ).



nojceTsh 1

nojcers 12 noJceTh 22
M4

noxaceTs 11 / noxcers 21
M1 M3

MHOJCETh 3

Puc. 8. /leieHune ceTu Ha MOJACETH

B Hamem ciyyae HeoOX01MMO co37aTh 7 MOACETEH.

BhIMoHUM pacder HeoOXOIUMOIr0 KOJMYECTBA aJpecoB JJISl ITHX IOJCETeH
(Tabmuma 7).

Taoauna 7
Pacqu KOJIMYCCTBA aApCCOB HA IIOJACCTDb
[Iupoxo- Kon-Bo
Komx-Bo Koi-Bo
Ne Komn-Bo BemarenbHbie | Kos-Bo y3510B |aapecoB B
pabouunx MapIuipyT-
IIOJICETHU . | cepBepoB azpeca U aapec | B MOJCETH | MOACETH
CTaHIAH M3aTOPOB “on
cetn (=2")
1 - - 2 2 4 4
2 - - 2 2 4 4
3 - - 2 2 4 4
11 15 5 1 2 23 32
12 35 4 1 2 42 64
21 27 3 1 2 33 64
22 66 4 1 2 73 128

Onpenenum Macky U auanasoH IP anpecoB J1st JaHHBIX MOJICETEH

Tabuuna 8
Kon-Bo
Ne aJIpecoB B
noncern| moxcerH Macka nonceru Jlnana3oH agpecoB s MOJCETH
(=2")

1 4 255.255.255.252 192.168.0.0-192.168.0.3

2 4 255.255.255.252 192.168.0.4-192.168.0.7

3 4 255.255.255.252 192.168.0.8-192.168.0.11

11 32 255.255.255.224 192.168.0.32-192.168.0.63

12 64 255.255.255.192 192.168.0.64-192.168.0.127




21

64 255.255.255.192

192.168.0.128-192.168.0.191

22

128

255.255.255.128

192.168.1.0-192.168.0.127

BeinonHuM pacnpeneneHye agpecos 10 y3/1aM MOACETEN.

Ta6auna 9

Tabnuua pactpeencHus aapecoB

Ne
MOJCETH HaumenoBanue y3mna IP-anpec Macka [111:03 10 YMOJTYAHUIO
1 Anpec cetn 192.168.0.0
Mapupyruzarop 1 192.168.0.1 255.255.255.252
MapIIpyTu3arop 2 192.168.0.2 255.255.255.252 192.168.0.1
[[InpokoBemaTeIbHbII 192.168.0.3
azapec
2 ? ? ? ?
? ? 7 7
? ? 7 9
? ? ? ?
3 ? ? 2 ?
? ? ? ?
? ? ? ?
? ? ? ?
11 Anpec cetn 192.168.0.32
Mapuipyrtuzatop 1 192.168.0.33 255.255.255.224
IIK 1-15 192.168.0.34-48 |255.255.255.224 192.168.0.33
[IPUHT-CEPBED 192.168.0.49  |255.255.255.224 192.168.0.33
(aitir-cepBep 192.168.0.50  |255.255.255.224 192.168.0.33
SOL-cepsep 192.168.0.51  |255.255.255.224 192.168.0.33
TEPMUHAI-CEPBED 192.168.0.52 255.255.255.224 192.168.0.33
[TupokoBenaTeabHbII 192.168.0.63
12 ? ? ? ?
? ? ? ?
? ? ? ?
? ? ? ?
? ? ? ?
? ? ? 7
? ? 9 9
? ? 9 9
? ? ? ?

Pa3zpaboTaem TaOaMIIBI CTATUYECKON MapIIPyTU3ALMU 1J1sl MapiipyTru3aropa M1.

Ta0anoa 10
Mertpuka
Ne mozicetn | Asipec cetr/macka Unrepdeiic 11103 (KONTMHECTBO NPBIKKOB)
1 192.168.0.0/30 192.168.0.1 - -
2 192.168.0.4/30 192.168.0.9 192.168.0.10 1




3

11

192.168.0.32/28 192.168.0.1 192.168.0.2 1

12

? ? ?

21

22

Inro3 o
YMOJTYaHUIO

? ? ?
? ? ?
? ? ?

Pa3paboraem komaHIHBIA daitn JuIsi 100aBJICHHS CTaTHYECKHX 3aluceld B
Ta0auIly MapipyTu3anuu. s 3Toro 6yaeM UCosib30BaTh KOMaHIy rFoute.

Heobxoaumo nmanmee pa3paboTaTh I KaKIOTO MapIIpyTH3aTopa KOMaHIHBIHA
daiin 11 co3aanus CTaTUYECKON TaOIUIBI MapIIPy TU3AIIHH.

3ajjaHne HA BbINOJHEHHE J1A00PATOPHO padoThI

Pazpabotars TabnuIbl CTATUYECKONW MapUIpyTH3alMM Ha MapIIpyTU3aTOpax U
onpeaenuTh crarudyeckue [P agpeca ¢ mMackamMu B BBIYMCIWTEIBHOM CETH IJISl BCEX
y3n0B CKC, pa3zpaboranHnoii B 1aboparopHoit padore Nel.

B paGoTe BBITIOJIHUTD CIAEAYIONIUE YCIOBHUS:

1.

2.
3.
4

5.
6.

CuuTaTh, 4TO HA KaXJIOM TaXE CTOSAT MAPIIPYTU3ATOPHI.

Ha cetpb BoICNIeH nuana3on aapecoB MHTepHet kiracca C — 192.168.0.0.
[Ipu HEeXBaTKE agpECOB UCIIOIB30BATh pe3€pBHbIN quamna3on 192.168.1.0.
KonudecTBo ajipecoB Ha MOJICETh C MOMOIIBI0 MAaCKH YMEHBIIAETCS [0
MUHHUMAJILHO BO3MOKHOTO 3HAYCHMUSI.

B ka)xmom cermMeHTe onpeAesuTh IUTI03 10 YMOJTYAHHUIO.

Jns  Kaxaoro MapuipyTu3aTtopa COCTaBUTh CTaTHYECKUE TaOJUIIbI
MapIIpy TH3AINH.

TpedoBanus k opopMiaeHUI0 0TYETA

B ortder mo j1aboparopHOil paboTe BKIIOYMTH KPATKOE HM3JIOKEHHE MOpSIKa
BBITIOJTHCHUST JIA00OPAaTOPHOW pabOThl M BBIBOJBI MO MOJYYCHHBIM pE3yJIbTaTaM.
OtnpaBuTh OTYET HA SICKTPOHHBIN aapec a@tltsu.ru.

Kpurtepun onenkn:
- OLICHKA «3aUTEHO» BBICTABIISIETCS CTYACHTY, €Clu 0popMIleH OTUET 10 JlabopaTopHOU padoTe;
- OLIGHKA «HE 3a4TE€HO» BBICTABIISAETCS CTYJEHTY, €CIIM HET OTuéTa 1o JabopaTopHoii pabdore.



7.3. OueHo4Hble cpeacTBa AJs NPOMEXKYTOYHOH aTTeCTAIMU IO HTOraM OCBOEHUS
AUCHUTLTHHBI

7.3.1. Bonnpocsl K NPOMeKYyTOYHOI aTTecTALMHU

Cemectp 5
Ne i/t Bomnpochl K 3K3aMeHy

1. [Tosinenne MHTepHET U ero BiausiHuEe Ha ceTu. COCTaBHbIE CETH.

2. O6wenunénnnie cetu. Cepsrce Web 2.0.

3. Biistnue pa3BuTHsA KOMIBIOTEPHOM TEXHUKHU U CETEH HA pa3BUTHE CPEICTB
TEJIEKOMMYHUKAIUH.

4. Hudopmannonnoe npoctpanctso. MHpopmaimoHHoe 001ecTBo.

5. Wcrtopust pazsutus BeiuncautelbHbix cucteMm. RISC- n CISC-apxurekrypa.

6. [TorokoBble 1 napamiensible 9BM. OGnayHble BHIYUCICHUS U CEPBUCHI.

7. Knaccudukanus BEIMUCIUTEIBHBIX CUCTEM MapaiuienbHol oopadotku (SISD, SIMD,
MIMD, MISD).

8. Konseliepsl. Kani-namsrs.

9. MyJIbTHIIPOLIECCOPHBIE CUCTEMBI O0IIIEr0 Ha3HAUEHUSI.

10. Apxurexkrypa MIMD-cucremsl ¢ UMA, NUMA, ccNUMA. Muorosinepusie BC.

11. Tonosorust KOMMYHUKAIMOHHBIX CETEl MyJIbTUIPOLIECCOPHBIX CUCTEM.

12. Cospemennsbie cynepkommnbiorepsl 1 BC. [IpuMeHnenne ux B cOMalibHON cdepe.

13. Hcropus pa3Butus TenekoMmyHuKammii. Kimaccudukarms cucrem
TEJIEKOMMYHUKAIUH.

14. Tenedonnas cBs3b. Mctopuueckuii 0630p. CoroBast TesedoHus.

15. CpenctBa HaBurauuu. CiiyTHUKOBasi M paauocBs3b. [IpuMeHenne 3Tux cpeicTB B

COBPEMEHHBIX KOMITBPIOTEPHBIX CETAX U TEXHOJIOTHSIX.
16. I[Tporokonst HTTP u WWW. Beemupras naytuna.\Web-apxurekrypa.

17. Hasnauenue web-cepsepa u web-knuenTa. [TpuMepsl peanu3ariuii.

18. I'uneprexcrobie s3bikK U TexHoMorHd (HTML u XML).

19. Co3znanue 1 pa3MenieHie Web-cTpaHHuIbl.

20. 0630p WAN-Texnomnoruii. Kimaccugukamnus. CpaBHeHne TexHoixoruid. Mcropus
pa3BuTHsl. [lepcrneKTHBBI.

21. Mopaembl 1 KOMMYTATOPBI TJIO0ABHBIX ceTeil. O0IacTi UX MPUMEHEHUS U PYHKITUH.
CraHyapTHbIE CXEMBI.

22. MapuipyTuzaropsl, HUI03bl U OpanaMayapbl. [lpuniunel padboTs! U GyHKIMH. CXEMBI
COEIMHEHMUSI.

23. Commxenue LAN- u WAN-TexHOIOTHIA.

24. [lepcneKTHBBI Pa3BUTHSL KOMIIBIOTEPHBIX CETEN M BHIUMCIUTENIBHBIX CUCTEM.

25. [IpoBoanast u GecipoBo/iHAs CBA3b. 3aKpbITask M OTKPBITAs Cpeja nepeaadn JaHHbIX.
[TpeumyniecTBa U HEJOCTATKH. TeXHOJIOTHH.

26. [{udpoBsie KaHANBI CBA3U U MPUHLIHUIIBI UX paboThl. KOMMyHHKAIIMOHHOE
obopynosanue. [{udposeie cetn cBsizn. CXeMbl TOCTPOSHUS.

27. Ceresble OC u ux npotokoisl. Ctexku mpoTokooB pazHbix OC. [lepciekTUBEI
pa3BUTHS.

28. OC mobunpHbIX mnathopm. O630p.

29. Kommynukanmonnoe o6opynoanue 6ecipoBoanbix WAN-cereit. TexHomorumu.

IlepcneKTUBBI Pa3BUTHS.

30. becnposoausie LAN (IEEE 802.11, 802.16). Texunomoruu. O60pyaoBaHue.
IlepcneKTHBBI Pa3BUTHUSI.

31. OmnpeneneHre ceTeBbIX MapaMeTpoB KoMbloTepa. JlIoMeHBI.




32.

Cayx0a DNS. ITpotokos DHCP.

33. Onpenenenye NyTH 10 TOYKU Ha3HayeHHs. KoMMyTaius 1 MapiipyTusanusl.

34. Maprupyrtusaiust TCP/IP.

35. ITpotokos RIP. JlaBunnas mapuipytusanus (OSPF).

36. [TpoTtokounsl BHentHer Mappytuszanun BGP u EGP.

37. ["apanTHpOBaHHAs M HETapAaHTHUPOBAHHAS JIOCTaBKa cooOIeHuii B IP-ceTsx.

38. ITpotokosbl TCP-ypoBHs.

39. CepBuchl npuknagHoro ypoBHs. Ciyx0a TenekoHpepeHIi, (HOopyMbl MPsSMOTO
0OIIIeHUs, UHTEPHET-TeNIeHOHHUS.

40. [TpoTokos auHamudeckoro pacupeneneHus agpecos DHCP.

41. [TpoTokon ynpasiienus cetbio SNMP.

42. IMonnepxka  cayxObr  HOBocTteir ~ NNTP, IRC-ciyx08l, IRQ-cmyx0B1,
TeJleKOH(epeHInH.

43. WuTepHer-Tenedonus.

44. ITouckossie cucrembl cetn MaTepHer. Hactpoiika u paborta ¢ Humu. Web-moprai.

45, Pabota ¢ anexrponnoii mouroi. IIporokoasr UUCP, SMTP. Anpecarus B mOYTOBBIX
cucremax. Ocobennoctu padoTsl B cersix UNIX n Windows.

46. ITouTtoBbIe cepBepbl M uX HacTpoiika. IIporpamma Sendmail. Kommonenr MAPI.
ITporokon POP3.

47. ®opmartsl moutoBoro cooduienusi. RFC-822, MIME. OtnpaBka 371€KTpOHHOTO MHUCHhMa
C BJIOYKEHHEM.

48. Pa6ora c nporokonom IMAP4. Cepsep IMAP u ero Bo3mosxxknoctu. bopsba co cnamom
Y BUPYCaMHU.

49, O630p moutoBbix kiauentoB (MsfOutlook, The Bat! u ap.). I'pymnmoBast pacchlika.
bopbba co cnaMoM U BUpYCaMHU.

50. Onenka yrpo3 6e3onacHoctu. [lonuTnka 6e3omacHOCTH. 3amuTa ceTu. AmmapaTHbie
CpEICTBA.

ol. Cucremsl mmdposanus. Kpunrocuctemsi.

52. [TpoTokounsl GezonacHocTH MHTEpHETA.

53. CoBpeMeHHBIE CpeICTBA HACHTU(OUKAIIMHN U ayTeHTH()HUKALINH.

54, Texuonorus B-ISDN (ATM) - Ha3HayeHue, [OCTOMHCTBA M HEIJOCTATKH.
O06opyI0BaHHE U CXEMBI.

55. Crannaptel ontuueckux cereit SONET-OC. OGopynoBanue u cxemsl. JlocronHcTBa 1
HE/IOCTATKH.

56. CrnyTHUKOBBIE TEXHOJIOTUU M KOCMHUECKasi CBsi3b CUCTEMBI I'€0MO3UIIMOHUPOBAHMSL.

o7, CBs13b ¢ rnobanbHbIMU Tenie@oHHBIMU cucTeMaMu. Cetpb 3G.

58. Briienennsie iuauu 1 TexHonorud XDSL. OGopynoBanue u cxeMsl. [lepcrieKTHBBHI.

59. Opranu3anus B3aMMOJEHCTBHSI IMPOBOJHBIX U OECIPOBOIHBIX CETEH M TEXHOJOTHM.
Bnustaue coroBoit cBszu Ha WLAN.

60. IlepciekTBBl pa3BUTHs TeleKOMMYyHHMKauii u cereii OBM. Ilpumenenue stux
CpPEJICTB B 33/1a4aX COIHAILHON ChepHI.

61. Komnonents! cetu. OkoHeuHbIe ycTpoiicTBa. [I[poMexyTouHbIe CeTeBbIE yCTPONCTBA.
Cpena nepenauun. CereBbie 0003HaueHus. Cxemsl Tonosioruu. [Ipencranenue n
(YHKIIMU KOMIIOHEHTOB CETH.

62. Cetu LAN u WAN. Tunsi cereii. JlokanpHbie ceTh. [ 106aIbHBIC CETH.

63. Cetu UnTepuet, UnTpanet u DKCTpaHeT.

64. ITogxmrouenue k Mureprery. Texnonoruun nocryna B Marepuer. [logkimtouenne k
WNutepuer miis noma u Hebombimoro oduca. [Togkmouenue k aTEpHET 1151
npeanpustiid. Packet Tracer.

65. MynbTHCEpBHCHBIE ceTh. TpaIuIIMOHHBIE OTACIHHBIC CETH.




66.

KadectBo 06cmyxuBanus. bezonacHOCTb.

Hanéxnas cets. CereBast apxutekTypa. OTKa30yCcTOHYMBOCTh. MacuTabupyeMocTh.

67. Tennenuu pa3sutus cereil. CoBmecTHas pabota uepe3 MaTepHeT. Bumeocsssb.
OOnayuHbIe BEIYUCICHHSL.

68. CereBble TEXHOJIOTUH A7 ToMa. TeXHOIOTHYeCKHe TeHICHIIMH B JOMAIIHUX CETSIX.
OpraHu3anys CeTH 10 JIMHUSAM dJICKTPONUTAHHS. beCipOBOIHON MIUPOKOIIOIOCHBIH
JOCTYII.

69. Cereas apxutekrypa Cisco. CCNA.

70. Cisco I10S. Onepaumonnsie cuctembl. Haznauenne OC.

7.3.2. Kputepuu 4 HOPMbI OLEHKH

dopma
NpOBeIeHUsl
Cemectp . Kpurepuu u HopMbI OLEHKH

MPOMEKYTOUYHOM

aTTecTaluu
DK3aMeH (1o Crynent Habpain ot 85 mo 100
HAKOITUTEIILHOMY «OTJIIMYHO» 0aJUTOB 110 HAKOMUTEITHHOMY
pPEHUTHHTY) PEUTHHTY.

«XOopoHio»

Crynent Habpai ot 70 mo 84
0aJJIOB 110 HAKOMTUTEILHOMY
PEUTHUHTY.

«YIOBJIETBOPUTEIILHO

Crynent Habpai ot 55 10 69
0aJJIOB 110 HAKOMIUTEIBHOMY
pEUTHHTY.

«HCYAOBJICTBOPUTCIBHO»

Crynent HaOpan 54 uinm MeHee
0aJIOB 110 HAKOIUTEIBLHOMY
PEUTHHTY.




8. YueOHO-MeTOIMYeCcKOe M HH(POPMANIMOHHOE 00eciedeHne TUCIIUTITUHBI

8.1. Obs3aTe1bHAsA JIUTEPATYypa

Tun (y4yeOHHK, yueOHOe

KoJinmuecTBO B

HAY4YHOI
Ne nocooue, yueoHo-
ABTOpBI, COCTABUTEIH 3aryiaBue (3aroJioBOK) Tox u3nanus oudauoTexe /
n/n MeToAnYecKoe mocooue,
IpaKTHKYM, Ap.) HanmeHnoBanme
P > AP 3BC
1 | Tenraiikun E.A. [IpoekTupoBaHue ceTeBoi Y4eOHoe nmocodue 2020 9bC
uH(ppacTpykTypsl. Opranuszanus, «JIaHB»
NPUHIUITBI IIOCTPOCHUS U
(YHKIMOHUPOBAHUS KOMITBIOTEPHBIX CETEH.
JlaGopaTopHbie pabOThI
2 | Hemumos JI.H. OCHOBBI 3KCIUTyaTallMl KOMITBIOTEPHBIX Y4eOHuk 2019 9BbC
cereit «IPRBooks»
8.2. lonoHuTEIBHAS IUTEPATYPA
KoaunvecTBo B
Tun (yueOHuk, yuedHoe QIIHECTBO
HAY4YHOM’
Ne nocooue, yueoHo-
ABTOpBI, COCTABUTEJIHN 3ariaBue (3aroJ1I0BOK) I'ox u3panus onobamorexe /
n/n MeTOoANYecKoe mocoome,
npAKTREYM, 1p.) HanmeHnoBanue
P » AP BC
1 | M.IO. Ceprees, KomnrerorepHsle cetn ITpakTkym 2019 9BbC
T.N. Cepreesa, «IPRBooks»
C.A. OneliHuKOBa
2 | Kopram H.M. KommbrotepHble ceTr YdebHOe mocobue 2019 3BC
«IPRB0OKS»
3 | Bepnmun A.H. TereKOMMYHHUKAITMOHHBIC CeTH U Y4eOHoe mocobue 2020 3BC
YCTpOMCTBA «IPRB0OKS»
4 | Bamka A.A. JlokaJTbHBIC CeTH U HHTEPHET Y4eOHoe mocobue 2020 3BC

«IPRBooks»




8.3. Ilepeyenb mpogeccCHOHAJIBLHBIX 0a3 JTAHHBIX U HH(POPMAIMOHHBIX CHPABOYHBIX
cucTeM
— denepanbHblil mopran «Poccuiickoe oobpaszosanue» http://edu.ru/

— O6pasoBanue 1 Hayka : xypHau https://www.edscience.ru/jour

— EDUTAINME - Oyaymee o0pa3oBaHHs €M TEXHOJOTHHM, KOTOPBIE €ro MEHSIOT
http://www.edutainme.ru/about/

8.4. [lepeueHb MPOrPaMMHOro o0ecneyeHu st

Ne Hanmenopanue IO PexBu3uThI Z[OFOB?pa
n/n (naTa, HOMep, CPOK JielicTBHUSI)
1 | Windows XP Jorosop Ne 690 ot 19.05.2015r., cpok
JeiicTBUsL — 6ECCPOUHO
2 | Microsoft Office Standart Jlorosop Ne 690 ot 19.05.2015r., cpok
nerictBus — 6eccpouno; Jorosop Ne 727 ot
20.07.2016r., cpok AeHCTBUS — OECCPOUHO
3 | Canonical Ltd Ubuntu Bepcus 14.04 Jlunensust GNU GPL
4 | mpoekt Debian Debian GNU/Linux JInnensus GNU GPL
Bepeus 8
5 | IIpoekt Fedora Fedora Bepcus 23 JInuensus GNU GPL

8.5. Onucanne MaTepuaJbLHO-TEXHUYECKOIi 0a3bl, HEOOXOAMMOM /I OCyIIeCTBJIEHUS
00pa3oBaTeILHOIO NMpolecca Mo JUCHUILIUHE

Ne
n/n

HaumeHoBaHue 000PYyI0BAHHBIX Y4EOHBIX
Ka0MHeToB, 1a0opaTopuii, MACTEPCKUX U
Ap. 00bEKTOB /1J1sl IPOBeIeHUsl
NPaKTHYECKUX U JIA00PATOPHBIX 3aHATHIA,
MOMELEeHUH VI CAMOCTOATEIbLHOMI
padoThl 00yuaouxcsi (HOMep ayIuTOPHH)

Ilepeyenb 0CHOBHOTO 000pPYAOBAHMA

AynuTtopust Be6-KOH(pEpeHIHil.

VY4ueOHast ayquTOpust JUIs POBEICHUS 3aHATHI
JEKIIMOHHOTO THMa. YueOHas ayJuTopus Ui
NPOBEICHUS 3aHATHH CEMHUHApPCKOTO THIIA.
VYuyebHast  ayauropus 1L KypCOBOIO
NPOCKTHPOBAHUS  (BBITIOJIHEHUSI  KYPCOBBIX
pabot). YuebHast ayauTOpHs JJIs IPOBEIACHUS
TPYTIIOBBIX " VH/IMBUIYTbHBIX
KOHCyNbTalMii YueOHas ayauropus i
NIPOBEICHUS 3aHATHIA TEKYIIEro KOHTPOJS |
npomexxyrounoii arrectanuu. (YJIK-807)

OKpaH TEJIEBU3UOHHBIM,
MIPOYKEKTOP Ha LITaTHUBE.
IIPENoAaBaTeIbCKUM, CTYJIbS
MpenojaBaTesIbCKUeE. , Tpancnapant-
HepeTsKKa, CUCTEMHBIH OJI0K.

HIMPMBI,
CTOI

Komnerorepubiii  kiacc. Ilomemenue mis
CaMOCTOSITENIbHOM paboTHI. VYuyebnas
ayIUTOpUS  JUI  TIPOBEICHUS  3aHATHHA
CEMHUHAPCKOTo TUMA. YueOHas ayIuTopus IS
KYpPCOBOTO TPOCKTHPOBAHUS  (BBIMOTHCHHUS
KYpPCOBBIX pa0oT). YueOHas ayAuTOpus IS
MIPOBEJICHUS TPYIIIOBBIX M WHIMBUIYATBHBIX
KOHCYNbTallMii. YueOHas aynutopus JUis
MIPOBEJICHUS 3aHATUH TEKYIIET0 KOHTPOJS H
npomexxyTouHoit arrecrarun. (I'-401)

CTOmBl yUEHNYECKHE, CTYIIbSl YYEHUUECKHUE,
IIK ¢ BIxomoM B ceTb MIHTEpHET.
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