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1. Ilean ocBOEHUNA TUCHUILIHHBI

Lesib OCBOGHUS AUCIUILTUHBI — C(POPMUPOBATH y CTYJCHTOB 3HAHUS M HABBIKU, HEOOXOTUMBIE
JUJIs1 IOCTPOEHUSI, HACTPOMKH, MOJJICPAKKHU M TTOMCKA HEUCTIPABHOCTEN CETEN OT MaJIoro 10 CPEAHETO

pa3mepa.

2. Mecro nucuumiaunbl B cTpykrype OITIOIT BO

JIMCUMIUIMHBl M TPAaKTUKH, HAa OCBOEHMM KOTOpBIX Oaszupyercs JaHHas AMCLUIUIMHA!
Hudposas KynbTypa, ApXUTEKTYpa KOMIIBIOTEPOB U ONIEpallMOHHbIE chucTeMbl, [IpodeccronanbHbIi
MHOCTPaHHBIN s3bIK, THPOpPMALIMOHHBIE CUCTEMBI U TEXHOJIOTHH.

JIMCUMIUINHBI ¥ IPAKTHKH, JJI1 KOTOPBIX OCBOECHUE JTAHHOW JUCLUILIMHBI HEOOXOIUMO Kak
npeauectsyroee: Hacrpoiika 1 aIMAHUCTPUPOBAHUE KOMIIBIOTEPHBIX CETEH.

3. [lnanupyemble pe3yJibTaThl 00y4eHH s

®opmupyeMbie U
KOHTPOJINpYyeMble
KOMIIETeHI[HH
(KO M1 HANMECHOBAHUE)

Nuaukaropsl
JOCTHKEHHUS
KOMIIeTeHIUi
(ko1 1 HAUMEHOBAHME)

IlnannpyemMble pe3yabTaThl
o0y4eHust

Crioco0eH oCyIIecTBIATh
OTITUMH3AITHIO
YHpaBJICHUA )KU3HCHHBIM
IIUKJIOM pacipeaeTIeHHBIX
AAaHHBIX C YUCTOM
MH(pOPMAITMOHHOM
6e3omacunoctu (I1K-1)

TIK-1.1. 3HaTh TEXHOJIOTHH
YIPaBJICHUS )KU3HCHHBIM
IIUKIIOM pacrpeeIeHHbIX
JAHHBIX C YY€TOM
UH(POPMALIMOHHOM
0€30IIaCHOCTH.

IIK-1.2. Ymeer
OCYIIECTBIISTh
ONTHUMHM3AIHIO YITPABICHUS
JKM3HEHHBIM ITHKJIOM
pacTipeeNieHHbIX JaHHBIX C
y4eToM HH(POPMaITMOHHOMN
0€30IIaCHOCTH.

T1IK-1.3. Bnageer HaBLIKAMU
ONITUMHM3ALIUHU )KU3HECHHOT'O
[IUKJIA pacIpeIeICHHBIX
JaHHEBIX.

3HaTh:

- XapaKTEPUCTUKH U 0COOCHHOCTH
pasHbIX (pU3MUECKUX cpea u
MIPUHITUIIBI TIEpeIavn
3JIEKTPOMArHUTHBIX CUTHAJIOB B HUX;
- CETEBBIE MPOTOKOJIIBI, HEPAPXHIO
MIPOTOKOJIOB M PEKUMBI UX PaOOTHI;

- CTAaHJIAPTHI, COTJIAIICHUS U
peKOMeHIaluu B 00JacTH
KOMITBIOTEPHBIX CETEH, METO/IBI
nepeaayu HHGOPMAIIHH B CETAX;

- TEOPETUYECKHE OCHOBBI
ApXUTEKTYPHON OpraHu3alliu CETEH;
- 6a30BbIC CpeNICTBA Mepelaun
JaHHBIX B CETSX;

- METO/Ibl KOJIUPOBAHHUSI U 3AIIUTHI OT
OIMOOK B CETAX

YMerTh:

- CO3/1aBaTh MOJICIHU CEeTeH U
TEJIEKOMMYHUKAIIH;

- UCTIOJIb30BaTh COBPEMEHHbIE
CETEBbIC. MPOTPAMMHBIE CPEIICTBA:
CETEBbIE ONEPAIMOHHBIE. CUCTEMBI,
OTIEPAIIMOHHBIE M CETEBBIC 00O0JIOUKHU

Baaagern:

- HaBBIKAMH HCIOIb30BaHUS
IIPOTPaMMHBIX CPEICTB U paboTHI B
KOMIBIOTEPHBIX CETSIX




4. CTpyKTYypa U coJepkaHue TUCUHUIIIMHBI

®opMbI TEKYyILLET0

Bun . KOHTPOJIA
Monyab . HaumenoBanue TeM 3aHATHH Oonem,
(pasnen) y4eOHoit (yae6moii padoTI) Cemectp u. Baaabl | UHTepakTuB, 4.| (HAaHMeHOBaHHUe
padoThI OLIEHOYHOI'0
cpeacTBa)
Monayins 1. Cp COBpPEMEHHBIE CETEBBIE TEXHOJIOTUH 1 8 - Tect
Beenenue B Cp CerteBble MPOTOKOIBI 1 KOMMYHUKALIMHT 8 5 - Tect
KOMITbIOTEPHBIE
ceTu
Monyis 2. Jlex Pa3paboTka cTpyKTypHUpOBaHHOM 1 - Tect
Dusnueckuil u KaOeIbHOU CUCTEMBI JIOKAJIbHOM
KaHaJIbHbIN KOMIIBIOTEPHOM CETH
ypoBHU MoJenn | Cp ®dusznyeckuil yposeHb Mmojenn OSI 10 5 - Tect
OSI J1a6 Pa3paboTKa CTPyKTYpHPOBAHHOI 2 5 . OTuéT no
KaOeTbHOU CUCTEMBI JIOKATHLHOM nmabopaTropHoOit pabore
KOMIIBIOTEPHOM CETH 1
Jlex Pacuér 3anepkek nepenadn akeToB B 1 - Tect
TEJIEKOMMYHUKAIIMOHHON CETH
Cp Kananpnbiii ypoBeHb Moaenu OSI 8 5 - Tect
Jlab Pacuér 3anepxek nepegayu MakeToB B 2 5 - Otuért no
TEIIEKOMMYHUKAITMOHHOW CETH nmabopaTopHoOi paboTe
2
Cp Ethernet-koMmmyTanust 10 - Tect
Monayins 3. Cp Brenenue B cereBoil ypoBeHb Moaenu OSI 8 - Tect
Ceresoit yposenb| Cp Pazpemenue aapeca 8 5 - Tect
moieu OSI Jlex Pa3paboTka aJpecoB ceTH KamIryca o 2 - Tecr
CTaHJapTaM CETEBOT0 YPOBHS
Cp Anpecanus [Pv4 8 5 - Tect
Jla6 PazpaboTka agpecoB ceTu kamiyca 1o 2 5 - OTtuér o

CTaHJapTaM CETEBOTO YPOBHS

nmabopaTopHoOi paboTe

3




®opMbI TEKYyILIET0

Bun . KOHTPOJIA
Monyab . HaumenoBanue TeM 3aHATHH Oo0nem,
y4eOHoit N Cemectp Baanbsl | UHTepakTuB, 4.| (HAHMeHOBaHHe
(pa3nen) (y4eOHoii paboThI) 4.
padoThI OLIEHOYHOI'0
cpeacTBa)

Cp Anpecanus IPv6 8 5 - Tect

Cp ICMP 8 - Tect
Monyins 4. Cp TpancnoptHbii ypoBeHb MoJienn OSI 8 - Tect
Bepxuue yposuu | Cp CeaHCOBBIN YPOBEHb, YPOBEHB 8 4 - Tect
moneau OS] MPECTABICHUS U MIPUKIIATHON YPOBEHD

monenu OS]

Monayins 5. Cp Brenenune B 6ecipoBOIHYIO CBSI3b 8 - Tect
OCHOBBI Cp Komnonentst WLAN 8 - Tect
OECIIPOBOTHBIX
ceTeit Cp Pa6ora WLAN 8 4 - Tect
Mopyns 6. Cp NAT s [Pv4 8 - Tect
Kopnoparusasie |Cp Konnenunn WAN 8 - Tect
CeTU Cp Konnenuuu VPN u Ipsec 8 - Tect

Cp Konuenmumn QoS 8 - Tect

Cp YrpaBieHue ceThbio 8 4 - Tect
AHKeTa 3 - AHKeTa
Wroroseiit Tect | ITA 2 40 Tect
DopyM 4

Hroro: 180 100

Cxema pacuyera HTOTOBOr0 6a/1JIa: CyMMa BCexX MOJTy4YeHHBIX 0a/110B.




5. O0pa3oBaTebHbIE TEXHOJOTHHU

B pamkax yueOHOTO Kypca NpeayCMOTpeHa TEXHOJOTHs IUCTaHLIMOHHOTO o0ydeHuss B (opme
7Ta00PaTOPHBIX 3aHATUH U CAMOCTOSTEIBHON PaOOTHI CTYICHTOB.

MeTtoanyeckue peKOMeHAalMH 1JIsl IPenoiaBaTeJisi 0 NPOBeAeHUI0 3aHATHH

PexomMeHganum 1o npoBeaeHUI0 JJa0OPATOPHBIX 3aAHATHIA

JlaGopaTopHble 3aHATUS TUCHMIUIMHBI IPOBOISATCS B CHELUATM3UPOBAHHBIX KOMIBIOTEPHBIX KJIACCAX
YHUBEPCHUTETA, 00BETMHEHHBIX B KOPITOPATUBHYIO JIOKATBHYIO BEIYUCINTENBHYIO ceTh. CO BceX pabouux MecT
oOecrieunBaetrcst 1ocTyn B IHTEpHET.

Ha mepBom 3aHsATHM TpenopaBaTenb JJODKEH HAIOMHUTH CTYICHTaM TPEeOOBAaHHUS TEXHUKHU
0€30MacHOCTH TpU paboTe B KOMIIBIOTEPHBIX KiaccaX, MPOLEAYPY OOCTyNa B BBIYHCIUTENBHYIO CETh U
TEXHOJIOTUIO COXPAHEHHS PE3yIbTaTOB BHIMOIHEHUS 3aJaHNH C MCIIOJIb30BAaHHEM KOMIBIOTEPA.

JlaGopaTopHble 3aaHusl CTyJ€HTaM JOJDKHBI (POpMYIHPOBAThCS B MPoOIeMHOI Gopme, Tpedyromei
aHaJM3a, WCCIICOBAHUS U MOJICIMPOBAHUS C NMPUMEHEHHEM KOMIBIOTEPHBIX Mporpamm. IIpu oneHuBaHuM
BBITOJIHEHHBIX 33/1aHUI CIIEAYET YUUTHIBATh JOCTHKEHUE Pe3yibTara, 3PpPeKTUBHOCTh alTOPUTMA PELICHNUS,
VHIUBHTyIbHOCTD PaOOTHI.

PexomeHnaanuu no opraHu3anuy BHeaAyAUTOPHOM padoThI

BueaynuTopHas paboTa CTy[JeHTOB HalpaBiIeHa Ha 3aKPEIUICHUE U PA3BUTHE TEOPETUUYECKUX 3HAHUM,
NapKTUYECKUX HAaBBIKOB M YMEHUH pabOoThI ¢ KOMIIBIOTEPOM KaK CpPeACTBOM 00pabOTKH, XpaHEHUS U Nepeadn
uHpopmanuu. B paMkax BHeayIUTOpHOW pabOTHI CTYJEHTHI CaMOCTOSTEIBHO H3y4alOT TEOPETUYECKHUI
MaTepHall, BBIMOIHIIOT WHANBUYAIbHbIC JOMAIIHUE 33/1aHUSI.

6. MeTonuyeckue yKa3aHUs MO0 OCBOEHUIO JUCHUILIHHBI

Pabota B Kypce npearnosaraeT cienyromue GopMbl 3aHITUHN: TaOOpaTOpHBIE 3aHATHS, BHEAYIUTOPHBIC
3aHITHUS.

Ha 3aHATUAX CTy,ZleHTBI BBITIOJIHAKOT na6opaTopHHe 3adaHus I10 BapI/IaHTaM C HCIIOJIB30BAHUEM
METOJAMYECKUX YKA3aHHH MO BBITTOJIHEHHIO padoT. [1o kaxxaomy 3aaHuIo IPEeIyCMOTPEHO 0(hOPMIICHHE OTYETa
no paboTe ¢ MOCIHEAYIOMUM COOeCeIOBaHUEM C TpEroaBaTelieM, B MPOIECcCce KOTOPOro CTYASHT TOJDKEH
OTBETUTh Ha BOMPOCHI MO XOJy BBIMOJHEHHUS 3aJaHUN W TOJYyYEHHBIM pe3yibTaTaM. 3a KaXJ0€ 3aJaHue
HAYUCIIAIOTCS OaJTbl, CyMMa KOTOPBIX B KOHIIE CEMeCTpa OMPEACIUT Pe3yIbTaT paboThl CTYy/IEHTa B Kypce.

BreaynutopHbie 3aHATHS SBISIOTCS BaXXHOM YacThi0 pabOThI cTyAeHTa. CTYAEHTHI CaMOCTOSATEIBLHO
paboTaIoT C TEOPETUYECKUMHU MaTepUaIaMi, U3Y9€HHUE KOTOPBIX MPETyCMOTPEHO MPOTrpaMMoii 00yUeHUsI.



7. OneHoYHbBIE CPeACTBA

7.1. IIacopT OLEHOYHBIX CPEICTB

Cemectp Koxa koHTpO/ImMpyemMoii KoMIieTeH U HaumeHoBaHue
(WJ1H ee 4acTH) OLICHOYHOI'0 CPeACTBA
4 [K-1 TecTsl
OTuéTBl MO JIAOOPATOPHBIM paboTaM

7.2. TunoBble 3aJaHUA WJIH MHbIE MATEPHAJIbI, HE00XO0AUMBbIE IJIA TEKYLIEro KOHTPOJIsI
7.2.1. TunoBble TeCTOBBIE 3aJaHUA
TunoBble npuMepbI 3aJaHUI

JloMeH — 310 ...

9acCTb apecCa, onpcaAcAromas aapeC KOMIBIOTECPA MOJIb30BaTCIIAA B CCTH
Ha3BaHUC MPOrpaMMBbl, 11 OCYIICCTBIICHUA CBA3H MCXKIY KOMIIBIOTEpaMU
Ha3BaHHUC yCTpOﬁCTBa, OCYHICCTBIAIOMICTO CBA3b MCKAY KOMIIBIOTCPAMU

O O O O

€IMHHIIA CKOPOCTH HHPOPMAIIMOHHOTO OOMEHA

bpay3zep — 3710 ...

cepeep MHTepHeTa

CPEIICTBO MPOCMOTPA U TIOUCKA Web-CTpaHHI]

YCTPOMCTBO 18 Mepeaayr HHGOpMAIHH 1o TeaehOHHON CeTH
AHIIMICKOE HAa3BAHME DJIEKTPOHHOM MOYTHI

o O O O

ITo9TOBEIIT SIIUK — OTO ...

CIICIIUAJIBHOC TEXHUYCCKOC COIJIallICHUA JIs pa6OTI)I B CCTHU

pa3zien BHELIHEHN MaMsATH IOYTOBOTO CEpBEpa

KOMHBIOTep, HCHOHBBYIOMHﬁCH JJI HepeCBI.HKI/I 3HeKTpOHHBIX II1McCeM

o O O O

Ha3BaHUC MPOrpaMmbl JJI IICPCCBUIKU 3JICKTPOHHBIX MHCCM

JInst coeAMHEHUsI KOMITBIOTEPOB B CETSIX UCMOJIb3YIOTCA KaOeau pa3aIuyHbIX TUNOB. J{Js
nepeaayu nHOOpMaInK, 3aK0IMPOBAHHOM B MyUYKe CBETA, NMpeIHa3HauYeH Kabeb ...
BUTas mapa

TenedOHHBII

KOaKCHaJIbHBIN

o O O O

BOJIOKOHHO-ONTUYECKUU

[Ipotokomn — 310 ...

YCTPOMCTBO )1 MpeoOpa3oBaHus HHOpMAIUU

JIMHUSA CBA3U, COCAUHAIOIIAA KOMIIBIOTCPBI B CCTh

cricuaJibHad ImporpaMma, noMoraromuiasd rmojib30BaTciito HalTu HYXHYIO HH(bOpMaL[I/IIO B CE€THU
CHeNHaTbHOE TEXHUIECKOE COTIIAMICHHUS U PA0OTHI B CETH

o O O O

CereBoil agantep — 310 ...
O cHocuuajibHasd nmporpamMmma, 4€pe3 KOTOPYHO OCYHICCTBIIACTCA CBA3b HCCKOJIBKUX KOMIIBIOTCPOB

O CIeUHaIbHOE alapaTHoe CPeACTBO Al A3P(GEKTUBHOIO B3aUMOCHCTBHS TEPCOHATBHBIX
KOMITBIOTEPOB CETH

O cIenuagbHasi CUCTeMa yIpaBJICHHs CETeBBIMU PECYpCaMu OOILEro 10CTyma
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13.

cuctema ooMeHa nHpopmanren Mex1y KOMIbIOTEpPaMH 10 JIOKAJIbHBIM CETAM

Anpec 192.168.1.96 B xauecTBe MPUTOIHOTO JIJIsI UCIIOJIB30BAHUS ajapeca y3ia OyaeT
COJIepKaTh MOJICETh ...

192.168.1.64/26

192.168.1.32/27

192.168.1.32/28

192.168.1.64/29

[IpoTokonom TCP obecnieunBaeTcss QyHKIUSA ...
HWHKAIICYJIAUAg JaHHBIX

00Hapy>XeHHE OTCYTCTBYIOIINX MAaKETOB

YIIPaBJICHUE CEAHCOM CBSI3H

OMMpeCaACIICHUE IIYTHU JJIA MAKCTOB JaHHBIX

Vkaxurte HazHadeHue coodiuenuii [CMP.

COOOIIUTH MapIIPyTHU3aTOPaM 00 U3MEHEHUSX TOITOJIOTHU CETH
oOecrieunTsb focTaBKy [P-makera

IpeOCTaBUTh 00paTHYIO CBA3b O nepenavax [P-makera

HaOJII01aTh 32 MPOLIECCOM pa3pelieHus JoMeHHoro uMenu B IP-aapec

VYkaxxuTe yTBep:KJIeHUE, KOTOPOE OMUCHIBACT (DYHKLIMU MPOTOKOJIA pa3pelIeHHs aJpecoB
(ARP)?

ARP ucnons3yercs 1y ooHapyxenus [P-angpeca 1r060ro y3mna B Apyroi ceTu.

ARP ucnone3yercs mais ooHapyxeHus [P-agpeca mo00ro y3ia B JIOKaJbHON CETH.

ARP ucnons3yercs aisa ooHapyxeHus MAC-anpeca 1r000ro y3iia B Ipyroi ceTu.

ARP ucnons3yercs qys oonapyxxenuss MAC-azapeca 1000ro y3ia B JOKaJIbHON CETH.

Yxkaxure yactHoie [P-anpeca.
0 10.1.1.1

0172.32.5.2

0 192.167.10.10

0O172.16.4.4

0 192.168.5.5

[0 224.6.6.6

KomnproTep B JaHHOW CETH B3aUMOJAECHCTBYET C ONPEACTIEHHON TPYIINON KOMIIBIOTEPOB.
VYKaXuTe TUIT KOMMYHUKAIUH.

IIUPOKOBEIIATEIIbHAA PAaCChLIIKa

MHOTroaapeCHasA pacChblIKa

oaHOoaApeCHAad pacChbllIKa

ARP

HTTP

YkaxuTe METOJl, KOTOPBI MOKET UCMOb30BATHCS IBYMSI KOMIIBIOTEpAMU JJIsI
MIPEIOTBPAIICHUS TTOTEPU TAKETOB M3-3a CIIUIIKOM OBICTPOI Tiepeiaun O0IBIIOro
KOJIMYECTBA JIAHHBIX.

HWHKAIICYJIAIHA

yIpaBJI€HHE TOTOKOM

O METOJ JIOCTYyIIa
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BPEMA OKMAaHWA OTBETA

Yxkaxure crangapt IEEE, koTopsriii mo3BosisieT 6eCripoBOIHOM CETEBOM IIIaTe
MOJIKJIF0OYAThCS K OECIIPOBOHON TOUYKE JOCTYMA, pa3pabOTaHHOMN APYTrUM
IPOU3BOAUTEIIEM?

802.1

802.11

802.3

802.2

3anonHuTe mycroe noiie. Mcnonb3yiiTe necatuunbiii GopMar ¢ TOUKaMu.
['pyninoBast macka, cBs3aHHas ¢ ceThio 192.168.12.0/24, —

R1# configure terminal

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

Rl (config) # acecess-list 120 deny ip 192.168.20.0 0.0.3.255 10.0.10.0 0.0.0.255
Rl (config)# access-list 120 permit tcp 192.165.22.0 0.0.0.15 10.0.10.0 0.0.0.15 =g 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 address 10.0.10.1 255.255.255.252

Rl (config-if)# no shutdown

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

Rl (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
permit tep 192.168.22.0 0.0.0.15 10.0.10
permit ip any any

R1%

55 (16 match(e=s))

0.0.0.2
.0 0.0.0.15 &g telnet

Barnsinute Ha pucynok. CereBoit ammunuctpatop HactpauBaeT ACL-crincok, 4To0bl
orpaHnuuTh coenuHeHus ¢ VTY-nmuausmu Mapiipytusaropa R1 Tonpko pabounmu
cranuusamu UT-noapaznenenust B cetu 192.168.22.0/28. Ilepen npumenennem ACL-
CIIUCKAa aIMUHHUCTPATOP MPOBEPsieT paboToCcnocoOHOCTh coeuHenuit Telnet mexy
paboueii crannueit ¢ IP-anpecom 192.168.22.5 u mapuipytuzaropom R1. Ho mocne
npuMenenusi ACL-cniucka k unrepdericy Fa0/0 coenunenus Telnet oTkinoHstoTCs.
YkaxuTe BEpOSTHYIO MPUUUHY COOSI COSMHEHUS.

ACE-3anuce pa3pelieHus 3aJa€T HEBEpHbI HOMEp IIopTa

cetb UT-nonpasneneHus BKIOYEHA B UHCTPYKIUIO OTKIIOHCHUS.

B ACE-3amnucu paspenieHus Tpedyercst ykazath npotokon [P Bmecto TCP

Ha mMapmpytu3arope R1 He HacTpoeHa komaHa enable secret password

koMaHngia login He BBeneHa st V1Y -nuHMI

Korna na HrwkHHX ypoBHX Mozaenu OSI ucroab3yroTcst IpOTOKOJIbI O€3 YCTaHOBIICHHS
COCTMHEHWSI, YTO OOBIYHO MCTIONB3YETCS, YTOOBI 00ECTIEYNBAThH TTOITBEPIKICHUE
YCHEUIHOTO MOJYYEeHUS JaHHBIX U 3allpallliBaTh HOBTOPHYIO OTIPABKY YTEPSHHBIX
JTAHHBIX?

MOATBEPKICHUS 0€3 YCTAaHOBJICHUS COCTMHCHUS

ITPOTOKOJIbI BEPXHETO YPOBHSA C YCTAHOBJIICHUEM COCIUHCHUA

IP-11pOTOKOJIBI CETEBOIO YPOBHS

UDP-npoTOKO0IIBI TPAHCIIOPTHOTO YPOBHS
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23.

yKa}KI/ITC, Kakoe 1oJie 3arojioBka IPv4 orsBeuaer 3a ONnpeCACICHUC ITPUOPUTETA ITAKCTOB.
METKa TTOTOKa

bnaru

nuddepennupoBannoe odcmyxkuanue (differentiated services)

KJ1acc Tpaduka

Mexannsm NAT (nmpeoOpazoBaHue ceTEeBBIX apecoB) HE HYKeH B IPv6, MOCKONBKY ...

IPv6 o0nanaeT MHTErpupPOBaHHBIMU CpEACTBaMH 0€30MaCHOCTH, HET HEOOXOJMMOCTH CKPBIBATh apeca
IPv6 BHyTpeHHUX ceTeil

0001 y3€IT WiTK TI0JIB30BATEIh MOXKET MOJIYIHTh MyOIMYHbBINA ceTeBOM aapec IPv6, T. k. cymecTByeT
OTPOMHOE KOJIMYECTBO JAOCTYIHBIX afpecoB IPv6

npo0JeMbl, BbI3BaHHBIE TPHIokeHUsIME NAT, pemaroTcs, HOCKOJIbKY 3aroJIoBoK rnpoTtokoia [Pv6
ylIy4Iiiaer 00paboTKy aKeTOB IPOMEKYTOUHBIMUA MapLIpyTU3aTOPaMU

po0JIeMbI CO CKBO3HBIM MOAKIIOYEHHEM, BbI3BaHHBIE NAT, pemarrcs, T. K. KOJIMYeCTBO MapIIpyTOB
MOBBIIIAETCS C YBETUUCHUEM KOJIMYECTBA Y3JIOB, MOAKIIOYEHHBIX K IHTepHeTY

[Tone metku notoka (Flow Label) 3aromoska IPv6 ...
OrpaHU4rBacT BPEMA CYIICCTBOBAHUS MMAKCTA

ompenenseT o0y JMHY nakera [Pvo

KJIaCCU(UIUPYET MaKeThI IJIs YIPABICHUS MTeperpy3KaMu CeTH

UHPOPMHPYET YCTPOHUCTBA, YTOOBI TpapHK MPUIOKEHUH, pabOTaIONINX B pealbHOM BPEMEHH,
OTHPABIISIICS IO OAHOMY U TOMY K€ ITyTH

YTtoOBI y3J1aM yaO0CTOBCPUTHCA B TOM, UTO UX IMAKCTHI OTIIPABJICHBI 110 BEPHOMY MCCTY
Ha3Ha4YCHHA CCTH ...

UM HY)KHO BECTH COOCTBEHHYIO JIOKAIBbHYIO TaOJIUIly MapUIPyTU3aLU1, KOTOpasi COAEPKUT MapIIPYT K
loopback-unrtepdeticy, MapmpyT TOKaJIbHOM CETH, a TAKXKE YAAIEHHBIM MapIIPyT MO0 YMOTYAHHIO

OHH BCETJa HAIIPABJISIIOT CBOM MAKETHI K IIUTI03Y 110 YMOJIYaHUIO, KOTOPBIN Oy/IeT OTBEYATh 32 I0CTaBKY
[IaKETOB

OHH BBITIOJIHAIOT MOMCK MApIIPyTa K apecy Ha3HAUECHUS CETU B COOCTBEHHOM JIOKAJIbHOM Tabiuie
MaplIpyTHU3aLKUH U IEPEAI0T 3TU JaHHBIEC IUTI03Y MO YMOIYaHUIO

OHHM OTHPABJISAIOT MAKET 3aIpoca IUTI03Y M0 YMOIYAHUIO, YTOUHSISI HAUTYYIINM MapIipyT

MapmpyTtu3zarop B nmporiecce o0paboTku Tpaduka cpasy Mmocie Toro, Kak 00HaAPYKUT
COOTBCTCTBUC MCIKIY IP—aI[peCOM HAa3HA4YCHUA U 3allMCbIO O HCTIOCPCACTBCHHO
HO,Z[KJ'IIO"ICHHOﬁ CCTHU B Ta6J'II/ILIC MapmpyTu3aluu ...

1I0CJI€ M3YYEHUS TaOJIUIbl MapIIPYTU3ALUU OTOPOCUT Tpaduk

Ha4yHET UCKATh B TAOJIUIIE aipec cieayromero nepexoaa (next-hop)

HAINpaBUT MAaKeT HA HEMOCPEICTBEHHO MOKIIOYCHHBIN HHTEpQEc

npoananusupyer IP-anpec Ha3HaueHUs

VYkaxuTe BEpHOE yTBEpxkKAeHHUE 00 nHTepdelicax MapupyTr3aropa.

UHTEpQEIChl TOKATBFHON CETH MapIIPYTHU3aTOPa HE AKTUBUPOBAHBI IO YMOIYAHUIO, IPU 3TOM
aKTHBUPOBAaHBI MHTEP(EWCH BHEITHEH CETH MapIIpyTH3aTOpa

1ocJie BBIMOJIHEHUs KoMaH bl no shutdown uHTepdeiic mapupyTru3aTopa akTUBUPYETCS U HAUMHAET
paboty

KOMaH/1bl, HacTpauBaromue [P-anpec u macky nojaceru st uaTepderica, BBOIITCSA B PEKUME
r7100anbHOM KOHUTypaIiu

JUISL IPaBUJIBHOM pabOThl HACTPOCHHBIM U aKTUBUPOBAHHBIN HHTEpQEiic MapIpyTH3aTopa TOJKEH
OBITH TOJIKITIOYEH K IPYTOMY YCTPONCTBY
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YkaxuTre KOMaHAy, KOTOpas 0TOOpa)kaeT CBOJAHYIO TabJIMITy BceX HHTEpGercoB
MapuIpyTU3aTopa, ux [P-aapecoB u ux TeKyuiee onepamoOHHOE COCTOSTHUE.
show ip route

show version

show interfaces

show ip interface brief

TexHn4YecKui CenuaIiCT BPYYHYIO HACTPAUBAET Ha KOMIIbIOTEPE napamerpsl [P,
HEoOXoquMbIe AJ11 0OMeHa JaHHBIMU 110 KOPIIOpaTUBHOM cetu. Ha kommbroTepe yxke
umeetcs [P-aapec, macka noaceru u cepsep DNS. Jlns nocryna B aTEpHET emié
HEO0OXOMMO HACTPOUTH ...

aapec cepepa WINS

aJIpec NUIK03a M0 YMOJTYaHHIO

MAC-anpec

AMs JOMEHA OpraHu3anuu

YkaxuTte cripaBeyinBoe yrBepxkaeHue B oTHomeHnu NAT s [Pv6.

UHXeHepHas rpynmna no pa3sutuio Mutepuera (IETF) otkazanacs or NAT64 B monszy NAT-PT
SIBJIIETCS. BpDEMEHHOW MepOM Aiis yrpoleHus nepexoaa ¢ IPv4 na IPv6

npumepoM peanuzanuu NAT pis [Pv6 aBnsiercst ABOMHON CTEK

UCITONB3YeTCs s TpeoOpazoBaHus 4acTHBIX [Pv6-aapecos B myOimunbie [Pv6-aapeca

HHuTepHer
209.165.200.1/27

192.168.11.11/24 192.168.12.1/24

BEl{config)# ip nat pool HAT-POOLZ 209.165.200.1 209.165.200.10 netmask 255.255.255.224
Rli{config)# access-list 1 permit 192.168.0.0 0.0.0.255

Rli{config)# ip nat inside source list 1 pool HAT-POOL2? overload

Rli{config)# interface Fa0jf0

RBl{config-if)# ip nat inside

Rli{config)# interface FaOjf1

RBl{config-if)# ip nat inside

Rli{config)# interface Serial0fof0

Rliconfig-if)# ip nat outside

Barasinure Ha pucyHok. Mapuipytuzarop R1 Hactpoen s ucnonb3zoBanust PAT.
HazoBuTe BO3MOXHYIO IPUYUHY TOTO, YTO IPEOOpa30BaHUE aIPECOB B CETH HE
BBIIOJIHSETCS.

B KauecTBe BHentHero uarepdeiica NAT nomkeH ObITh ykazan untepderic Fal/l

CIIUCOK access-list 1 HacTpoeH HenpaBUIbHO

ny1 NAT-POOL?2 ue npusszan k ACL-ciiucky

B KauecTBe BHyTpeHHero untepgeiica NAT nomken ObITh ykazan untepgeiic S0/0/0
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3anonHuTe mycroe noiie. Mcnonb3yiiTe necatuunbiii GopMar ¢ TOUKaMu.
['pymnimoBas macka, cBsi3aHHasl ¢ ceThio 128.165.216.0/23, —

3anonHuTe mycroe noiie. Mcronb3yiiTe necatuunblii popMar ¢ TOUKaMu.
['pymnimoBast Mmacka, cBsi3aHHasl ¢ ceThio 192.168.12.96/27, —

3anonaute mycroe noie. Mcnonp3yiTe necaTudHbIi GopMaT C TOUKaMH.
['pynmoBas macka, cBsizaHHas ¢ ceTbio 152.115.128.0/17, —

Kpurepumn oneHku:
- OIICHKA «3a4YTCHO», CCJIN CTYACHT JaJI IIPABUJIbHBIC OTBCTHI;
- OIICHKA «HE 3aYTEHO», €CIU CTYACHT HE CMOT J1aTh MIPABUJIbHbBIE OTBETHI.

7.2.2. OT4€éTHI 110 JIA0O0OPATOPHBIM padoTam

JABOPATOPHASA PABOTA Nel. PABPABOTKA CTPYKTYPHPS)BAHHOFI
KABEJIbHOU CUCTEMBbI JIOKAJIbHOU KOMIIBIOTEPHOU CETH

Heas pabdorbl: OcCBOUTh METOABI pa3pabOTKM W TOJNYYUTh HABBIKK MpPU CO3JAaHUH
He0oOXO0IMMOM ISl Tepeiauyl TaHHBIX TeIEKOMMYHHKAIIMOHHON HHPPACTPYKTYpPHI.

Ilepeyens o00opyaoBaHUsI M NPOrPaMMHOr0 ofecredeHHsl, HeOOXOAUMBIX [IJIfl
BbINOJIHEHN S JIA00PaTOPHOIi padoThI:

OBM c onepanmonnoit cucremoit Windows XP (uu Beiiie Bepcus) wim cemeiicTBa Linux.

TabMUUHBII 1 TEKCTOBBIN MPOIECCOPHI.

Kpartkoe u3jio’keHne 0CHOBHBIX T€OPeTHYECKHX H METOMYECKHUX ACIIEKTOB PadoThI
CrpykrypupoBanHas kabenpHas cucrema (CKC) mpeacrasiser coboif MepapXHyecKyro
KaOENbHYIO CHCTEMY 3JaHUS WM TPYMIBI 3JaHUHN, Pa3JeeHHYI0 Ha CTPYKTYPHBIEC MOJCHCTEMEI.
CKC cocroutr u3 Habopa MEIHBIX W ONTHYECKHX KaOeled, Kpocc-TaHele, COeTUHUTEIbHBIX
IIHYpOB, KaOelIbHBIX pPa3beMOB, MOJYJIBHBIX THE3[, WH(POPMAIMOHHBIX PO3ETOK |
BCIIOMOTATENILHOTO 00Opy/MoBaHUs. Bce mepedyunclieHHbIe JIEMEHTHl MHTETPUPYIOTCS B EAHHYIO
CHUCTEMY M IKCIUTYaTUPYIOTCS COTJIACHO OTPEICIICHHBIM ITPAaBHUJIAM.

CrpykrypupoBanHas  kabenmpHass cucreMa (CKC)  ocHoBa  MH(OpPMAIMOHHOMN
MH(PPACTPYKTYpPHI JIIOOOTO MpeanpusaTHs, MaciTadba odurca Wik 37aHus, TTO3BOJISIONIAs CBECTH B
€IMHYI0O  CHCTEMY MHOXECTBO  HH(OPMALIMOHHBIX  CEPBUCOB  PA3HOTO  HAa3HAYCHMS,
MpelHa3HAYEHHBIX JUIS TMepeqavd: KOMIBIOTEPHBIX, TeNe(POHHBIX, MYJIbTUMEIUMHBIX U BHUIECO
JAHHBIX, CIY)KEOHOH IM(PpPOBOH M aHANOrOBOW HH(GOpPMAIMHM CUCTEM YIPABJICHUS, CUCTEM
0e3omacHOCTH W BHjaeo HabmomgeHwss W T.J0. MmeHHO mosTtomy Tak Benuka poib CKC mpu
MMOCTPOCHUH KOPIOPATHUBHOW WH(GOPMAIMOHHONH CHCTEMBI: OT TOTO, HACKOJIBKO  TPaMOTHO
BeimostHeHa CKC, 3aBHCAT HaIEKHOCTh M 0€30MAaCHOCTh PA3IMYHBIX Omneparuii, 0e3 KOTOPBIX
HEBO3MOXHA JIESITEIHHOCTh COBPEMEHHOr0 mpeanpusatis. OcHOBOH 1000l MH(GOPMALMOHHON U
TEJIEeKOMMYHUKALIMOHHONW HH(PACTPYKTYpPhl COBPEMEHHOIO 3/1aHUS SBIIAETCS CTPYKTYpHUPOBAHHAS
kabenpHast cuctema. Ot pabdorocnocobnoctn CKC 3aBucur OecnepeOoiiHas pabora
MH(OPMALIMOHHBIX CUCTEM IPEIITPUSIITHS.

Bce cymecTByromue u co3gaBaeMbie KaOelbHBIE CHCTEMBI 3IaHUN MOKHO pa3JeUTh Ha 2
TPYMIIbL:

0 KaGenbHblE CUCTEMBI «I101 KOHKPETHYIO TEXHOJIOTUIO IIEPENAYN JAHHBIX»
0 CrpykrypupoBannbie kadenabHbie cucteMbl (CKC)

[IpumepomM MEpBBIX MOTYT CIYXHUTh KaOelnbHasi CHCTeMa Uil KOMIBIOTEPHOM CETH H
teneoHHas pa3Bonaka BHyTpH 3aaHus. CKC mpoekTupyercst 1 CTpOUTCs JUISl Tepeslaur pa3HbIX



BUJOB HWH(MOpPMALMM, HO TMPAKTUYECKH B OOJBIIMHCTBE CIy4aeB »dSTO OTPaHUYUBAETCS
KOMITBIOTEPHBIMU U TeNIE)OHHBIMU CETSIMH.

Cyl1ecTBYIOT /iBa BapUaHTa apXUTEKTYPbl IPOBOAKHU:

0 TpaauiMOHHas apXUTEKTypa HEPAPXUUECKOM 3BE3IHI |
0 apXuTeKTypa OJHOTOYEUHOrO yIPABICHHUS.
ApXHUTEKTYpa UEPAPXUUECKOM 3BE3bI MOXKET IPUMEHATHCS KaK JJIs TPYIIbI 30aHUM, TaK U

JUTSl OJTHOTO OTJAENBHO B3ATOTO 371aHus (cM. Pucynok 1). B mepBoM ciydae nepapxudeckas 3Be3/1a
COCTOUT M3 HCHTPAJIBHOTO KpOCCa CHUCTCMbI, TI'JIaBHBIX KPOCCOB BI[aHI/II\/'I U TOPU3OHTAJIBHBIX
ATaXKHBIX KpoccoB. LleHTpalibHbIIl Kpocc CBA3aH C TJIABHBIMH KPOCCAaMH 3/1aHUM MpPHU MOMOILU
BHEIIHUX KaOenell. DTakHble KpPOCCHI CBS3aHBI C TJIABHBIM KpPOCCOM 3JaHUsS KaOensaMu
BEPTUKAIBHOIO CTBOJA. BO BTOpOM ciydae 3Be3/la COCTOMUT M3 TIJIABHOTO Kpocca 3[aHUsl U
TOPU30HTANBHBIX ATAXHBIX KPOCCOB, COCJMHEHHBIX MEXIy CO000H KaOelsMu BEpPTUKAIbHOTO
CTBOJIa. APXHMTEKTypa HEpapXU4ecKoW 3Be3/bl O0ECleynBaeT MAaKCUMAIbHYI0 THOKOCTh
YHpaBJICHUA U MAKCUMAJIbHYIO CHOCOGHOCTB aganTanu CUCTCMbI K HOBBIM ITPUJIOKCHUSAM.
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Pucynok 1 Apxutektypa nepapxudeckoi 3Be3/1bl

ApXHUTEKTYypa OIHOTOYEYHOTO AaJIMHUHUCTPUPOBAHMS pa3paboTaHa s MaKCHUMaJIbHOM
npocToThl ynpasieHus. OOecrieunBasi NMpsSMOE COEIMHEHHE BceX pabOuMX MECT C TJIaBHBIM
KPOCCOM, OHA ITO3BOJISIET YIIPABJISATH CUCTEMOM U3 OJHON TOYKH, ONTUMAJIBHOW JJIs1 PACIIOJIOKEHUS
LEHTPATU30BaHHOTO AKTUBHOTO 000pyIOBaHUSA. AJIMHUHHCTPUPOBAHHE B OJHOM  TOUYKe
obOecrieunBaeT MpOCTEUIliee YMpaBICHHUE IEMsIMH, BO3MOXKHOE Onaromaps HCKIIOYEHUIO
HEOOXOIMMOCTH KPOCCHUPOBKHM IIeTIed BO MHOTHX MeCTax. ApPXUTEKTypa OJHOTOYEYHOTO
aIMUHUCTPUPOBAHUS HE IPUMEHSIETCS ISl TPYIIIbI 30aHUMN.

Kaxxnas apxutektypa umeeT CBOM npeumyiecta (cMm. Tadmuna 1), KOTopble clieIyeT UMETh
B BUJLY IIPH BBIOOPE KaOEIbHOM CHCTEMBI.

Tabmuma 1
OnHoToueyHoe
[IpenmyriecTBa apXuTEeKTypbl MpoBoAKH | Mepapxuueckas 3Be3na
aIMUHUCTPUPOBAHUE
Haunboiee rubkoe ynpaBieHue X
Haubomnbmmas cnoco6HoCTh K X
ajanTtanuu

[lenTpanin3oBaHHOE yNpaBICHUE X
Pacnipenenennoe o6opynoBanue X

[lenTpanu3zoBanHOe 000pyI0BaHNE X
Haubonee rubxoe ncnosib30BaHue X

aKTUBHOT'O 00OPYIOBaHUS




[IpocToTa TEXHUYECKOTO X
00CITyKHUBaHUS

[TonHOE COOTBETCTBUE CTAaHAAPTAM X X npu anuHax 10 100 m

HectpykTypupoBanHas kaOenbHas CHUCTeMa CTPOHUTCS OBbICTpee, HO €€ Topas[o CIOKHEe
MOJIEpHU3HUPOBaTh. HecTpyKTypupoBaHHAs NPOBOJKA JUIsl JIOKAJIBHBIX ceTell W TenedoHuH
coxpansieTcs 6e3 mepeo0opy0BaHus B TeUCHHUE 3-5 JIET, A1 CUCTEM HAOJIIOICHUST K KOHTPOJISI — B
TedeHue 2-3 yieT. B To e Bpemsi CTpYKTypUpPOBaHHAS CUCTEMAa CTPOUTCS OCHOBATEIIBHO, KaK BCAKOE
JOJITOBPEMEHHOE COOpyXeHHe. B cTpyKTypupoBaHHYIO KaOenbHYIO CHCTEMY 3aKJaJbIBaeTCs
CTPYKTypHasi  M30BITOYHOCTH,  IpeIyCMaTpUBAIONIAs  JONMOJHUTEIbHBIE pabouyne MecTa,
BO3MOKHOCTH TIepeMelieHust obopymoBanusi U mnepcoHana. HM30wsrounocts CKC  tpebyer
JIOTIOJTHUTEHHOTO KOJMYECTBA Kalens, pPO3eTOK, Kpocc-maHeneil. OQHaKo JIOMOTHHUTEIhHBIC
KamuTalbHBIC 3aTpaThl, HeoOXoaumble st cozmanus CKC, ObicTpo OKymaroTcs B Ipoliecce ee
OKCILTyaTaluu.

[Tpeumymecra CKC Ham 0OBIYHBIME KaOCIIBHBIMUA CHCTEMAMH:

0 s mepenayu JaHHBIX, TOJOCA U BUACOCUTHAJA UCIIONIB3YETCS eIMHas KaOeabHas CHCTEMA;

[ wucmoap30BaHKe YHUBEPCATBHBIX PO3ETOK HA pabOYMX MECTaX MMO3BOJISIET MOMAKIKOYATh K HUM
pasIuyHbIC BUABI 000PYI0BaHNUS;

0 ompaBabIBalOT KAIIMTAIOBIOKEHHUS 3a CYET JIMTEIBHOTO MCIIOIb30BaHMs M SKCILTyaTal[iH
CeTH,

0 06mamaroT MOAYIBHOCTHIO M BO3MOKHOCTSIMHM BHECCHHUS H3MCHEHUH 1 HAapaIlUBaHus 0e3
3aMEHBbI BCEH CYIIIECTBYIOIIECH CETH;

JIONYCKAKOT OJHOBPEMEHHOE UCITOJIb30BaHNE HECKOJIBKUX PA3JIMYHBIX CETEBBIX ITPOTOKOJIOB;
HE 3aBUCAT OT U3MEHEHUI TEXHOJOTUI U MOCTABIIMKA 000PYIOBaHMUS,
HCIOJIb3YIOT CTAHIAPTHBIE KOMIIOHEHTBI U MAaTEPUAJIBL;

I I i i |

JONYCKAKOT  yOpaBJIE€HHE W aJIMHUHUCTPUPOBAHHE  MHUHHUMAJIBHBIM  KOJIWYECTBOM
00CITYKMBAIOMIETO MMEPCOHATIA;
0 mno3Boasior KOMOWHHUPOBAThH B OJTHOU CETH BOJOKOHHO-ONITUYECKUI U MEHBIN KaOelb;

dusnuecku CKC coctour us:

Kabenei
KOMMYTAIIMOHHBIX TaHeJIeH
MH(POPMAIIMOHHBIX PO3ETOK

i Iy o |

KOMMYTAIIMOHHBIX IIIHYPOB

Pazpabotka u co3nanue CTpykTypupoBanHoi kabensHOU cuctembl (CKC) BKiouaeT
CIICAYIOIINE ATAIBI:

0 Wmxenepnoe oOcienoBanue 00BbEKTa H  pa3padOTKa TEXHHYECKOrO 3alaHusl ¢
IIpEABAPUTEIILHON OLICHKOW CTOMMOCTH IPEAIIOJIaracMbIX 3aTpar.
0 TIIpoexruposanue CKC.

0 Monrax CKC.
0 TecrupoBanue ¥ IMarHOCTHKA KaOEIbHON CUCTEMBI (BOJOKOHHO-ONITUYECKHM U MEIHBIN
CErMEHTHI).

0 Pacmupenue Wid MOJCPHU3ANKS JICHCTBYIOIINX KAOSIbHBIX CHCTEM 0€3 HApPYIICHUS UX
paboTocrnocoOHOCTH.

0 TapaHTHiiHOE U IIOCTrapaHTHIHOE 00CIYKHBaHKE (aMUHUCTPUPOBAHKE, CEPTH(HUKALIHS,



0

00y4YEeHHUE IKCILTyaTaIiH ).
W3roroBieHre HECTaHIAPTHBIX KOMMYTAIIHOHHBIX ITHYPOB (ONTHKA, ME/h), U3TOTOBJICHHE
pasBetrBuTenei (Y-agantepon).

Heo6xoaumocts coznanust CKC cBsizaHa B epByIO 0Yepeib ¢ HATMUUEM U COCTOSIHUEM YKe

UMCIOIIUXCA KaOeJIbHBIX KOMMyHHKaHHﬁ.

[IpoektupoBanue u moHTaxk CKC 3KOHOMHYECKH ONpPaBIaHbl, €CIN:

Ka0enbHas cucTeMa CO3/1aeTCsl B HOBOM 3[JaHUH, I7Ie OTCYTCTBYET HH(POPMAIIOHHAS
kabenbHast ”HPPACTPYKTYPA;

HEOO0XOMMa KOMITBIOTEpPHAsI CeTh, a Tele(OHHas MO KaKUM-TUOO MPUYMHAM JOJDKHA OBITH
MOJICPHU3UPOBAaHA B TEUCHUE ONIMKaluX 2-3 Jer;

Haspena HEOOXOAMMOCTh 3aMEHBbl CYIIECTBYIOUIMX KaOENbHBIX CeTed W3 COOOpaKeHUi
HA/IKHOCTH, IPOU3BOIUTEILHOCTH UM SPrOHOMUYHOCTH.

ITpu npoextupoBanun CKC HE0OX0qMMO YyYHTBIBATH psiA TpeOOBAaHWM Al TOTO, 4TOOBI

MOCTPOUTH KaOEIbHYIO CHCTEMY, OTBEUYAIOUIYIO CTaHAapTaM. TONBKO NMPH TakOM MOAXOIAE K
coznannio CKC BO3MOXHO MOJYYHUTh CHCTEMY, KOTOpass OyAeT CIY)XUTh JOJTHE TOAbl U HE
noTpedyeT MOIEPHU3AIMN 1 3aMEHBI.

]

TpeboBanus nmpu npoextupoBanun CKC:

CKC pomxHa OBITH CIPOCKTUPOBAHA C U30BITOYHOCTHIO TI0 KOJIMYECTBY TOAKITIOUCHU;
CrpykrypupoBaHHasi KaOelbHas CHCTEMa [IOJDKHA OBITh BBIMIOJIHEHA B COOTBETCTBHUH
CTaHJapTaM — MEXAYHapOJIHBIM, eBpomneiickum, amepukanckuM. Takum kak ANSI/EIA/TIA
568, ANSI/EIA/TIA 569 urt.n.

Pabouee mecTo JOIKHO UMETh, KaK MUHUMYM, OAMH pazbeM 1 noakitodeHus K JIBC u onun
pazbeM sl OJKIIOUeHHS K TelneOHHOM ceTu;

MakcumanbHOE PacCTOSTHUE TOPU3OHTAIBHON TPOBOJKY HE TOJHKHO MpeBbImaTh 90Mm;
O6opynoBanue, ucnosibzoBanHoe st moctpoeHuss CKC, momKHO COOTBETCTBOBaTh, Kak
MUHUMYM, TISATON KaTeropuu;

Kaxxnas nunus cBs3u KaOeIbHON CUCTEMBI OT TOUYKH MOJIKIIOUYEHUS] OKOHEYHOTO 000PY/I0BaHMS
70 TOYKH MOAKIIOYEHHS K KOMMYTALIMOHHOW TMaHeNu [0JDKHA IMPOWTH TECTUPOBAHHUE Ha
MPUHAJIC)KHOCTh, KAK MUHUMYM, K TISITOM KaTeropuu;

CKC nomxna oGecriedyrBaTh OBICTPYIO IEPEKOMMYTAIHIO TUHUNA TOPU3OHTAIBHOM MPOBOIKH U
MarucTpaliv 3/1aHus;

[Tpoxnaaky kabenei B KOPUIOpax JOJDKHA OCYIIECTBIATHCS 32 (DATTBIIITOTOIKOM, €CITH TAKOBOM
UMeeTcsl, a IPU ero OTCYTCTBHHM - B CIELMATM3UPOBAHHBIX Kabenb-kaHanax (kopobax) wiu B
CYILECTBYIOIINX 3aKJIaIHBIX;

B pabounx momenieHusax moaBoa kKademst K pabounM MecTam MPOU3BOAUTCS B KaOemb-KaHalax.

Tpu ocHOBHBIX puHLKNA 3a10%keHbl B CKC:

YHUBEpCaTbHOCTD
N30bITOYHOCTD U THOKOCTD
CTpyKTypUpOBAHHOCTb, YCTOMYMBOCTD

YHUBEPCaTbHOCTD

Jlnst mepenaun nanHbIX B JIBC, opranm3anum JOKaabHOW TenedOHHOM CETH, Teperaadn

BUJICOMH(OPMAIINH WM CUTHAJIOB OT JAaTYMKOB MOXKAPHON 0€30MacHOCTH WIIM OXPAHHBIX CHCTEM
UCIONIb3yeTCsl eArHasi kabenbHas cucrema. [Ipu mpomymMaHHON MHTErpanuu B MHOPACTPYKTYPY



3@aHUSI CTPYKTYPHUPOBAHHBIE CUCTEMbI IO3BOJIAIOT ABTOMATH3MPOBaTh MHOTME IPOLECCHI IO
KOHTPOJIIO, MOHHUTOPUHTY U YOPAaBICHHUIO XO3AWCTBEHHBIMH CIy)KOAMH M CHCTEMaMH
KHU3HEeoOecreueHus. Y HUBEPCAIbHOCTh KaOEeIbHON CUCTEMBI BEIPAXKaeTCsl B TOM, YTO OHA CTPOUTCS
HE JUIsl KAKOT0-TO KOHKPETHOI'O IPUMEHEHHS, a CO3/1a€TCsl B COOTBETCTBUM C IPUHIIMIIOM OTKPBITOM
apXUTEKTypbl U Ha OCHOBE COOTBETCTBYIOHIMX CTaHAApTOB. COBpPEMEHHBbIE MEXIyHAPOJHbIE
CTaHJapTHl TPeOYIOT YHUBepcalbHBIX KoMIOHEHTOB B coctaBe CKC. MHdopmannonnsie kabenu
JIOITyCKAIOTCSl TOJIBKO JIBYX BHJIOB: BOJIOKOHHO-ONTHUYECKHE M HA OCHOBE BUTOM mapbl. Kabenu Ha
BUTOMH Mape peKOMEHAYETCs UCIOJIb30BaTh KaTeropuil Se u 6. Kareropuu Se BIOJNIHE JOCTaTOYHO
JUTs TIepenavyn JaHHbIX 1Mo mpotokony Gigabit Ethernet. Kareropus 6 mpakTtuuecku Hy>KHA IS
nepeaayy MHUPOKOIIOIOCHOTO TEIEBUIEHUS WIIM UHBIX IIMPOKOIIOIOCHBIX MPUIIOKEHHUN C YaCTOTOU
Hecyuie Boime 125 Mri.

KonnyectBo nH(OpMAIIMOHHBIX PO3ETOK HA KaXI0M paboyeM MecTe: He MEHEee JIBYX.

YHUBEPCATBHOCTh TAKKE€ MOAPA3yMEBAET, 4YTO PO3ETKH JOJKHBI HMETh MOMYJIBbHBII
BOCbMUKOHTAKTHBIHN pazbeM RJ45 u Bce 4 mapbl MPOBOAHUKOB Kabesst JOJKHBI OBITh COSTUHEHBI C
KOHTaKTamMu pazbema. [[BeToBas packiaaka rnap J0JKHa COOTBETCTBOBAThH cxeMe S68A nim 568B.
B cnywyae ucnonb3oBaHMs BOJOKOHHO-ONTHYECKMX PAa3beMOB M PO3ETOK B HACTOSLIEE BpeMs
pekomeHnayeTca ucnoiab3oBaTh pazbeM SC. Pazvembl ST m FC, g0 cux mop mnpeamnoyuTacMble
HEKOTOPBIMHM IPEANPUATHSAMU M 3aKa3uMKaMM, HCKIIOUEHBl U3 PEKOMEHJIAUN A  HuX
HCIIOJIB30BAaHUS BO BHOBb CO3/1aBAEMbIX CHUCTEMAX.

M30BITOYHOCTH U TUOKOCTH

[Mpunnun uzoerrounoct B CKC moapa3ymeBaeT BBEICHHE B COCTaB KaOEIHHOW CHCTEMBI
JIOTIOTHUTEIBHBIX HH()DOPMAIIMOHHBIX PO3ETOK, IIOTHOCTh Pa3MEIICHUs KOTOPBIX BBIOUpaeTCs HE
TEKYIIUMH TOTPEOHOCTAMHU, a MCXONAS HCKIIOYUTENIBHO W3 IUIOIIAAU, TOMOJOTHU pabouux
MTOMEIIEHUH 1 )PTOHOMUYECKHX MapaMeTpoB moMerieHui. T.e. BO BceX 0(MCHBIX IIOMEIICHUSX, Ha
KaKIble 5-6 M 2 MPOEKTHPYETCS M CO3/JaeTcsl OAHO pabodee MECTO C MHHHUMYM JIBYMsI
nHPOpPMAIMOHHBIME  po3eTkamMu. [Ipu Oojee BBICOKOH HadalbHOM CTOMMOCTH MPUHIIMII
M30BITOYHOCTH MMEET OYEBHIHOE MPEUMYIIECTBO: MPU JIIOOBIX NEPECTaHOBKAX, MEPEMEIICHUSIX
OTJICNBHBIX COTPYIHUKOB U IIEJIBIX OT/IEJIOB HUKAKMX PACXOJIOB MO MepeieNke KaOeIbHONH CUCTEMBI
He norpebyercs. CKC mo3BosisroT OBICTPO | JIETKO W3MEHSATh KOH(GUTYpAITUIO KaOETbHONW CUCTEMBI
Y YIPABJICHUIO IEPEMEIICHUSIMU BHYTPH 3JJaHUSL U MEXAY 3[aHUsIMU. J{J1 3TOro aAMUHUCTPATOPy
CeTH JOCTAaTOYHO NMEPEKOMMYTHPOBATh KOHTAKThl HA KPOCCUPOBOYHBIX MAHENSAX. JTO MO3BOJSET
obecrnieunTh THOKOE U3MEHEHHE PaO0YNX MECT COTPYIHHUKOB U TIOJTHOE U3MEHEHHE KOH(pUTyparuu
CHCTEMBI, BKJIIOYas 3aMEHY U J00aBieHre 000pYyA0BaHMsl, paclIMpeHue cucteMbl. Takum o0pazom,
OpraHu3aIys HOBBIX pabOYMX MECT, MPHUCIIOCOOJIEHUE MO KOHKPETHBIE MOTPEOHOCTH 3aKa3unKa,
MIPOUCXOIUT OBICTPO U Oe3 HapylleHus: padoThl opranuzanuu. Kak mokaspIBaeT MpakTUKa, yXKe B
MpoIecCCe MOHTaXa 3aKa34MK MPOCUT MPOBECTH JOMOJHUTEIbHBIC TUHUU CBSI3H, a B TeueHHe 1-2
JIET KCIUTyaTalliy KOJI-BO PO3ETOK a0xoauT A0 pekoMeHnayemoro B CKC ¢ camoro Havana.

CTpyKTypHUpOBAaHHOCTb, YCTOMYMBOCTD

TmarensHo crutanupoBanHas CKC ycroifunBa K BHEHITATHBIM CUTYAIMsIM M TapaHTHUPYET
BBICOKYIO HaJIeKHOCTh M 3allIUTy JAaHHBIX B T€YEHHWE MHOTUX JieT. Tak OOJIBIIMHCTBO BEAYIIUX
pou3BoAUTENeH naroT rapanThio Ha nocrasisgeMble UMH CKC (mpu BBINOJIHEHHUH TpeOyeMbIX
npornenyp ceprudukanuu) go 25 net. Takum 0O6pazoM, CTPYKTypupoBaHHasi KaOembHas cucTeMa
ABIISICTCS YHUBEPCAIbHBIM M THOKMM pEIIeHHWEM 3aJjauyd CO3/JaHUS KOMMYHUKAllMOHHOM
MHOGPACTPYKTYPHI 34aHUS WU TPYIIBI 30aHUN.

CTpyKTYypHpOBaHHOCTh 3aKJIIOYacTcs B pa30MEHUM KaOeNbHOW CHUCTEMBbl HAa OTJCIIbHBIE
MOJICUCTEMBI, BBITIOJHSIOIINE CTPOTO OINpEACICHHbIe (QYHKIUU. YeTkoe pasieneHue BCel
KaOeTbHOW CUCTEMBI Ha TOJCUCTEMBI: TIOJICUCTEMA pab0Yero MecTa, TOPH30HTATbHAS TIOJICUCTEMA
(3Taxka), BepTUKAJIbHAS TOJICUCTeMa (MaruCTpaJik 3JaHus), TIOJICUCTEMa MarucTpail KOMILIEKCa
SHaHHﬁ. K xommonenTtam Ka)KI[Oﬁ NOoACUCTCMBI CTaHAAPTaAaMH HPCABABIAIOTCA Pa3JIMYHBIC
TpeOOBaHUs 1O JJIMHE Kaleneu, MmoxapoOe30MacHOCTH W T. 1. BrepBble CTPYKTYpUpOBaHHAs



kabenbHas cucrema (CKC), monyumBmas HazBanue SYSTIMAX, Oblna mpemjiokeHa GupMoit
AT&T B nauvae 80-x romoB. B cepenmmne 80-x Hawanmach pa3paboTKa CTaHIApPTOB Ha
TEeJIEKOMMYHHUKAIIMOHHBIC KaOCIIbHBIE CUCTEMBI. B pe3yibTaTe ycrmimii AcConmamnuu 3JIeKTPOHHOM
npomeiieHHocTH (EIA), Acconmanuu TeneKOMMYHUKAIMOHHOW mpombiiuieHHocTH (TIA),
aMEpUKaHCKOW wuccaenoBarenbeko opranmsanuu  Underwriters Laboratories (UL), dupmsr
ANIXTER, MexnynapoaHoii opranumzauuu no crasgaptuzanuu (ISO) m MexayHapoaHoit
anektporexuuueckod komuccuu (IEC) ObutM BBIMYIICHBI PsAJl CTAHAAPTOB ITOCBSIIICHHBIX
CTPYKTYpUPOBAHHBIM KaOEIBbHBIM CHCTEMAM.

B HacTosiiee BpeMst I€HCTBYIOT TPY OCHOBHBIX CTaHJapTa, uMeronux otHomenue k CKC:

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

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

0 Esponeiickuii (mus crpan Esponetickoro coro3a) CENELEC EN 50173 - Information
Technology. Generic cabling systems.

Bo Bcex Tpex cranmaprax 3alioeHbl OJHU U Te ke npuHuunbl, T.e. CKC orBeyaromas
TpeOOBaHUSM OHOTO M3 CTAHAAPTOB, OYJIET COOTBETCTBOBATH OCcTalbHBIM. Ha Teppuropuro Poccun
pacmpoctpansiercs aevictBue cranmapra ISO/IEC 11801, mockonbky Poccus BXoauT B cocrTaB
Mexnaynapoanoir opranmzanuu no crangaptuzauuu  (ISO). Ilo xputeputo mnpomyckHOM
CHOCOOHOCTH MOJBOIKA HAa METHOM KaleJie B COOTBETCTBUU CO CTaHAAPTaMU JEJIUTCS Ha KAaTeTOpUn
U KJIacChl - HaYMHasl ¢ Kareropuu 1, knacc A.

CKC MoxeT cocTosITh U3 IF000 WITH BCEX HIDKE MEPEUUCIICHHBIX mojacucteM (PucyHok 8):

[Toacucrema pabouero mecra

['opuzoHTanpHas moacucTemMa

MarucrpaibHas nojacucreMa

[Toncucrema obopynoBaHus

Maructpalib KOMILUIEKCA 3/1aHUH (BHEIIHSIS MOACHCTEMA)

I I s s [ |

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

-

3 BepTtukanbHas
i - - MoACUCTEMA

— N
< ™~

T~ | 'opu3oHTaNBHbIC
MOJCUCTEMBI

Pucynok 2 Uepapxus kadeabHbIX moacucrem JIBC B 31anuu

[Toxcucrema pabouero mecra



[Toncucrema paboyero Mecra npeaHazHaueHa JJIsl TOAKIIOYEHUS] KOHEUHBIX MOTpeOuTenei
(KOMITBIOTEPOB, TEPMUHAJIOB, MPUHTEPOB, Tele(DOHOB M T. 1.) K HH(POPMAIMOHHOW PpO3ETKE.
Bxurodaer B ce0si KOMMyTallMOHHBbIE KaOenu, aJanTepbl, a TaKKe YCTPOMCTBAa MO3BOJISIONINE
MOJIKJIF0YATh OKOHEYHOE 000pYIOBaHUE K CETH Yepe3 HHPOPMAITMOHHYIO PO3ETKY.

['opuzonTaneHas noacucrTeMa

['opu3oHTanpHass TOACHCTEMA TOKPBIBAET MPOCTPAHCTBO Mexay HWHpopMannoHHO#M
pO3eTKoi Ha pabodyeM MECTe U TOPH3OHTATHLHBIM KPOCCOM B TEIEKOMMYHUKAIIMOHHOM Iiikady. OHa
COCTOUT M3 TOPU3OHTANIBHBIX KabOesneil, MHPOPMAIIMOHHBIX PO3ETOK M YacTH TOPU30HTAIBHOIO
Kpocca, KOTopasi 00CTy)KUBaeT TOPU3OHTAIBHBIN Kalenb. Kakaplil 3Tax 3MaHUs PEKOMEHIYeTCS
oOcmy)kuBaTh CBOeH coOCTBeHHOM [ oOpu3oHTanbHOM oacucTeMoi. Bee ropuzoHTanbHbIe KaOew,
HE3aBHCHMO OT THNA IEpEeAarollell Cpelpl, HEe AODKHBI IpeBblmarh 90 M Ha ydacTKe OT
nH(OPMALIMOHHON PO3ETKU Ha pabodyeM MeCTe 10 TOPU3OHTAIBHOTO Kpocca. Ha kaxnoe pabouee
MECTO AOJIKHO 6I>ITB IMMPOJIOKCHO KaK MUHHUMYM JIBa FOpI/I3OHTa.HBHBIXKa6eJI}I.

MarucrtpanbHas mojcucTeMa

MarucrpanbHas IOJCUCTEMA COCANHSET TIIaBHBIM KPOCC B allllapaTHOU C IPOMEKYTOYHBIMU
KpOCCaMH M € TOPU30HTAJIBHBIMU KpoccamMH. MarucrpanbpHas MOJACUCTEMa JOJDKHA BKIIOYATh B
ce0si kabenb, YCTAHOBJICHHBIH BEPTHUKAIBHO MEXIY 3TaXHBIMH KpPOCCAMH B MHOTO3Ta)KHOM
3IaHUM, & TaKKe KalOenb, YCTAHOBJIEHHBI TOPU30HTAIBHO MEXKIY KpPOCCaMHM B NPOTSKEHHOM
3/1aHUH.

[Toncucrema 060pyROBaHUS

[Toncucrema 000pyAOBaHUS COCTOUT U3 3JIEKTPOHHOTO 00OPYA0BaHHS CBA3M KOJUIEKTUBHOTO
(o01ero) MCMoONb30BaHUS, PACIONOKEHHOTO B anmapaTHOW MM B TEIEKOMMYHHKAIIHOHHOM
mkady, W mepenaromei cpenbl, HEOOXOAMMOM Il TOJKIIOUEHHS K PacHpeleIuTeIbHOMY
000pyI0BaHHIO, OOCITYKUBAIOIIEMY FOPH30HTAIBHYIO WM MAaruCTPAIbHYIO TOJICHCTEMBI.

Marucrpainp KOMILIEKCa 31aHUI

Korga xabenpHas cucTemMa OXBaTbIBaeT Oojee OMHOIO 3JaHMS, KOMIIOHEHTEI,
00€eCIeunBarONINe CBSI3b MEXIY 3IaHUSMH, COCTABILIIOT Maructpanbh KOMIUIEKca 3JaHui. OJTa
MOJICKCTEMA BKIIOYAeT B ce0si Cpeday, MO0 KOTOPOW OCYIIECTBISETCS Mepefada MarucTpalbHBIX
CUTHAQJIOB, COOTBETCTBYIOIIICE KOMMYTAI[MOHHOE O0OOpYy/IOBaHHE, TMpeAHA3HAUYCHHOE A
TepMI/IHI/IpOBaHI/IH JAHHOI'O TUIIA Cpe,Z[BI, 58 yCTpOﬁCTBa 3JICKTpH‘-I€CKOfI 3alIUTHI JJIs1 ITOAAaBJICHUA
OTMACHBIX HAIpPSDKEHUW TIPH BO3JCUCTBHM HA Cpeay TPO30BOTO W/WIM BBICOKOBOJBTHOTO
AJIEKTPUYECTBA, TUKU KOTOPBIX MOTYT IPOHHUKATh B KaOelb BHYTPHU 3JJaHUS.

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

AJMUHHUCTpATHUBHAS TIOJICUCTEMA O0BEANHSIET BMECTE, TIEPEUNCIICHHBIC BBIIIIE MTOICHCTEMBI.
CocTouT W3 KOMMYTAIIMOHHBIX KaOelel, C TMOMOIIbI0 KOTOPBIX MPOU3BOAMTCS (DHU3HUECKOE
COCIMHCHHE pa3JIMYHBIX TIOJCUCTEM, ¥ MApKUPOBKU JIA HWIACHTH(UKAIMU  KaOeyew,
KOMMYTAllMOHHBIX MMaHeNeH U T.1.

WNudopmanus, HeoOxoaumas 11t cocTaBiieHUs: cMeThl Ha noctpoenue CKC:

0 TlosTaxkHbIi [UIaH TOMEUICHHUS, TEPPUTOPHH OOBEKTOB, TJIEC MPEANOIATACTCS Pa3BEPTHIBAHUC
CKC c pazmepamu;
0 Pasmemienne paboumx MeCT Ha IUIAHE TMOMENIEHHS W WX COCTaB  (KOJMYECTBO



MH(POPMAIMOHHBIX, TeJIe()OHHBIX PO3ETOK, CHIOBBIX PO3ETOK «YHCTOT0» MUTAHUS, OBITOBBIX
CHJIOBBIX PO3€ETOK);

0 Kemaemsriii mpousBoaurens CKC (Dkcanan, EBponan, Nexans, Molex, Signamax u T.I1.);

Hanuyue u komm4uecTBO 1EHTPOB KOMMYTAIMK (KOMMYHUKAIIMOHHBIX IKadOB U UX pa3Mep);

[ TexHuueckue yCIOBUs MOHTaXa — TE3MCHI TeXHUUeCKOro 3amanus (T3), a IMeHHO (3KelaeMble
CXEMBI TMPOKJIAIKH KaOEIbHBIX TPAacC, MCIOJb30BaHWE KAOENbHBIX JIOTKOB U KaHAJOB C
yKa3aHHUEM pa3Mepa, TUIl YCTAHOBKHU PO3E€TOK — BHYTPEHHUH WIJIM HAKJIATHON MOHTAX, HAJTMINE
TOTOBBIX KaOeIbHBIX KOMMYHHUKAIIUH, IIAXT, KOJIOALEB, MarucTpaie, omnop JIDII, permaemsbie
3aauu, Tonoxoruto u crangaptel CKC);

0 Cpoku HCIIOIHEHHUS.

]

IIpumep BBINOJHEHUS JTA00PATOPHOH PadOThHI

3ajaHne Ha BBIMOJTHEHNE PAOOTHI

Tabmuna 2 Paccrosiane | KommdecTtBo BricoTa Jnuna staxka | Kou-Bo TTIK
MEXKIY JTa)xKeu JTaxa
3IAHUSIMH
4 1100 3 3.2 19 20

B cetn He06X0AMMO YCTaHOBUTE:

1) 4 daiin-cepBepa;

2) 4 TepmuHaI-cepBeEpa;

3) mpuHT-CEpBEP Ha KAKIOM dTaxe 000MX 37aHUM;
4) 2 SQL-cepBepa;

5) 1 o3 B uaTepHET 100 MOUT/C.

Heo6x0auMo cripoeKTHpOBATh CXEMY CETH U PacCUUTATh JUIMHY KaOems s COeIMHEHHS
Bcex IIK B CKC.

Hcxons 13 MMEIOUIMXCS pa3MEpoOB MOMEHICHUH OyAeM MPOEKTUPOBATh BEPTHKAIBHYIO H
TOPU3OHTAIILHYIO TIOJCUCTEMBI 37aHUK Ha ocHoBe kabenss UTP-5. Jlns mocTpoeHust cetm Ha
KQKJOM dTake 3/JaHui HEOOXOAMMO CMOHTUPOBATH KPOCCOBBIH mIKad.

[IpenBapuTenbHO MPUHATO pEIIEHHE O TOM, 4TO (DaiiyioBble U TepMUHAI-cepBepa OyayT
pacmnonaratecs Ha 1 1 3 sTaxkax 3MaHuil 175 60ee paBHOMEPHOTO PaCIpeICIICHHS 3aTPy3KH CETH.
SQL-cepBepsl pacronoKeHbl Ha TEpBBIX dTaxax 3aaHuil. [lepednciieHHOe 00OpyaOBaHHME
ITOJKJIIOYAETCS C CETH IIPU IIOMOIIY ITaTY-KOPAOB HAIIPAMYIO B KOMMYTATOPHL.

KomMmmbroTeps! mosib30Bateneil MoAKII0YaTCs Yepe3 po3eTKU NaTu-KopIaMHu.
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Pucynok 3 CxeMa pacnosioxKeHHUs! y3JI0B CETH Ha ATAXKE

Pacuer 3aTpar kabeus:

Ilepumerp 31axa, m 120
KoJinuecTBO po3eTok s [1K, 16
HITYK
CpenHee pacCTOSTHUE MEXIY 7,5
po3eTKamu, M

Paccuuraem paccrostaus 10 Bcex 11K ot kpoccoBoro mikaga. [Ipumem HeoOXoquMbIii 3amac
kabens B 1,15 merpa (1 MmeTp Ha MOHTaXx B KpoccoBoM mmkady u 0,15 meTpa Ha MOHTaXxX Kabes B
PO3ETKY).

Pacuyér ropu3oHTAJIBLHON MOACUCTEMBI

KOMITBIOTEPBI pacxon 3anac Ha 3anac Ha 3aTpatsl, M
Kabens Ha PO3ETKH, M KOMMYTAIIHI0, M
COCMHEHUE, 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 4,9

Hroro nnuHa xabdens (M) 498.,4

Hroro minHa Ha 31aHuE (M) 1495.2

Pacuer BepTHKAJIBLHON MOACHCTEMbI
Jlnst pacdeTa BepTHKAJIBHOM MOJICUCTEMBI HEOOXO0IMMO YYECTh BBICOTY 3Ta)XeH U 3aTpaThl Ha
MOHTaX Ka0eJsi B KPOCCOBBIX IKa(dax.

Fpoccozzmt nocad

Epocoopsmt novad

Fpoccorsmt nocad

Pucynok 4 Cxema BepTUKAJIbHOW MOACUCTEMBI

Tabnuua 4
Pacuer 3aTpat ka0ens B BEpTUKAIBHOMN MOACUCTEME
Otax | BreicoTa Jlns MoHTaXKa Kabens B Jlns MoHTaKa Kabens B Heob0xoaumas
" (m) KpoccoBoM mikady Ha 1 KpOCCOBOM mmiKady Ha 2 JUTMHA Kabemst, M
3TaX, M 3TaX, M
1-2
1-3

Bcero na 3manne, M

Bcero na 2 3manns, M




MOJIYIYTUIEKCHOM PEKUME.

Pacuer moacucreMbl kKammyca
I[JIH KaMHyCHOﬁ IIOACUCTCMBbI H€O6XOI[I/IMO HCIIOJIB30BATh MHOT'OMOJOBOEC OIITOBOJIOKHO B

Fpoccopsni nmad

Fpoccopsmt rrxad

Fpoccoseni urad

Fpoccopent nmmad

Fpoccopeni nead

Fpoccossni urad

Pucynok 5 Cxema noacucreMsl kammyca

Pacuer pacxoma kabenst 1 coeAMHEHUS 2 3MaHMIA

Tabaua 5

PaccTosinue Mexny 3qaHUSIMU 1700
PaccrosHue u3 noasaia 1o Beraucnmum: (2,2+1,1+1)*2, 8,6
KpoccoBoro mkada Ha 1 rae 2.2 —BbicoTa, 1.1 —
ITaxe, M IMOJIOBHHA 3Taxka, 1- Ha
MOHTAa ¥ 3TO BCE YMHOKaeM
Ha 2 31aHUs
Js coequaenus 2 31aHUMA, M Brraucmum: 1700+8,6+ 2 1710,6
3anac 10% Ha npoknaaxy ¢ 1710,6 +10% 1881,6
y4eToM penbeda, M
OO0mas aMHa MKy 3AaHUSIMA 1881,6




Hrorosbliii pacuer

[TomyuuB Bce pacyeTs 10 MOICUCTEMaM paccuuTaeM Heooxoaumebie 3aTpathl Ha CKC.
Tabnuma 6

Pacyer KOMMyTallMOHHOTO 0OOPYIOBAHUS

HaunmenoBanue y3na KonnuectBo, mtyk

Poserok na I[1K

Pozetrok Ha cepBepa

Konnekropos RJ-45

Hroro pozerok nHa CKC

KomMyTannoHHbIX nTaHesnen

KpoccoBbix mkagos

KommyTtaTopos

Tabauua 7

3aTpatsl kKabemns

HaumenoBanue ka0ensi 1 Ha3HaUEHUE | JlnmHa, M/ ITyK |

Kabenst UTP-5 (111 BepTUKAIBHON U TOPU30HTAIBHOM
nojacuctemsl) +15%, meTpoB

OnTOBOJIOKOHHOTO Kabens
CrannmaptHbix OyxTa kabemns (305 MeTpoB), MITYK

BuIiBOADLI:
1. s cozmanust CKC HE0OX0UMBI CIIETIYIONTHE KOMITICKTYIOIINE:
a.
b.
2. Tlpu co3ganuu ceTH HEOOXOAUMO BBIIEPKUBATH CICIYIOIINE OTPAHUYCHUS ...
3. uT.O

3ajanue Ha BHINOJIHEHUE J1A00PaTOPHOI padoThI:
Pa3paboraTte  CTpYKTypUpPOBaHHYIO KaOGIbHYIO CHCTEMY COIJIACHO  CIIEAYIOIIETO
WHIWBHAyaIbHOTO 3aaHus (cM. Tabmuma §).



Bapuants! aiis pazpadorku CKC

Tabmnuma 8

No 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 43 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




TpeOoBaHus K BHINOJHEHHUIO JJA00PATOPHOI padoThI U 0()OPMIICHHIO OTYETA
OtyeT no nabopaTopHOI paboTe MOHKEH BKIIOYATD:

1. Kparkoe u3noxxeHue nopsiaka BHIIIOTHEHUS J1a00paTOpHOM paboThI.

2. Cxemy pacnoyioKeHHs Y3JI0B Ha 3TaXe, MEX]y dTaXKaMH U 3JaHUSMU.

3. Pacuer 3arpar xabens, po3eTok, nar4-kopaoB i coznanust CKC
(BBITIOTTHSICTCS ¢ IPUMEHEHUEM (POPMYIT B TAOJIMYHOM IPOIECCOPE).

4. Yder npu pacuere 3aTpar KaOems JOMOJTHUTEIbHBIE PACXO/bl HA MOHTAX:

a. B pozerke — 15 cm.
b. B xommyTanmoHHOM mkagdy — 1m.
c. OOmme 3aTpaThl yBEIIMUMBAIOTCS HA HEMPEABUACHHBIC pacxobl — 15 %.

5. PaccrosiHus Mexay po3eTKaMu pacCUUThIBaTh, CUMTas, 4YTO OHH

PaBHOMEPHO pacIpeeeHbI M0 EPUMETPY dTaxa.

B kauecTBe xabemns ucmnonp3oBaTh BUTYIO mapy UTP-5.

7. Mexnay 30aHUSIMU YYUTBIBATh MIPU pacueTe 3aTpaT CHUKEHHE Kalels ToJ
MOBEPXHOCTh 3€MJIM Ha IIyOMHY IpoMep3aHus (MUHUMYM 2 M).

8. B kauectBe kabemnst MEX Iy 31aHUSIMU UCIIOJIB30BATh MHOTOMOJIOBBII
OITOBOJIOKOHHBIHM TYTUIEKCHBIN Ka0elb (MaKCUMaIbHOE PAacCTOSTHHE Nepeiaun
2500 m).

9. Cuutarsp, 4TO cepBEpa PACIONIOKEHBI BHYTPU KOMMYTAIIMOHHOTO IIKagda 1 He
TpeOyIOT OTJENBHBIX PO3ETOK MOJIKIIOUEHUS Ha dTaXe.

10. Ilpu pacuere naT4-KOpAOB YUUTHIBATh 3aTPaThl HA CEpBEpa

11. BbIBOIBI O MOTYYEHHBIM PE3YyJIbTaTaM.

S

Bomnpocskl 111 caMOKOHTPOJIS
Ha3znauenue cTpyKTypHUpOBaHHOM KaOEIbHOM CUCTEMBI.
Yro Takoe apXUTEKTypa OJHOTOYEUHOrO YIPABIICHHUS.
JIOCTOMHCTBA HECTPYKTYPUPOBAHHON KaOEIbHON CHUCTEMBI.
[IpeumymiecTBa cTpykrypupoBanHoi kabenbHon cucteMbl (CKC) Hax
OOBIYHBIMH KaOeThbHBIMUA CUCTEMAMHU.
Xapakrepuctuku ¢uzndeckux komrmnoHeHT CKC.
Ortansl pazpabotku u cozganus CKC.
Korna npoektupoBanns u MmoHTaxka CKC 5KOHOMHUYECKHU OTNpPaBIaHbI.
TpeboBanus npu npoextupoanuu CKC.
Tpu ocHOBHBIX TpuHLMNA IpH TpoekTupoBanuu CKC.
10 Cranpgaprsl, jexaniye B ocHoBe poektupoBanus CKC.

Bl o N

0 0 N o W

JlabopamopHasi paboma 2. Pac4yém 3adepixeKk nepeda4vyu rnakemoe e
meJsieKOMMYHUKayUOHHOU cemu

Heab padoTsl: [TonyuynTh 3HaHUS U HABBIKY 110 BBITIOJIHEHUIO PAcU€Ta 3a/IepiKEK
MIPOXO0XKJIECHUS AKETOB [0 COCTABHOW KOMITBIOTEPHOM CETH.

Ilepeyenb 000pyaOBaHMSI U NMPOrPAaMMHOI0 oOfecrneYeHUsi, HeOOXOAMMbIX
JJISI BBINIOJIHEHU S JIA00OpaTOPHOM padoThI:

OBM c onepauuonnoit cucremoir Windows XP (wnm Bbillie Bepcusi) WM
cemeiicTBa Linux.

Tabnau4HbIE U TEKCTOBBIE MPOIECCOPHI.



KpaTtkoe u3/i0:keHle OCHOBHBIX TEOPETHYECKUX U METOMYECKHUX ACMEKTOB
padoThI

3anepxKka B repefade MakeToB JIaHHBIX MO CETH CKJIAJbIBAECTCS U3 CIIEIYIONIUX
COCTAaBJISIFOLIUX

1. 3agep>kka BblJIayu CUTHAJIA B JIMHUIO CBSI3U.

2. 3anepikka nepeayu nakera JaHHBIX MO JIMHUU CBSI3U.

3. 3agepkka nepefauyd MakeTa JAaHHBIX 4Yepe3 KOMMYTHUPYIOUIEE YCTPOMCTBO

(KOHILIEHTPATOP, KOMMYTATOP, MapIIpyTU3aTOP).
4. 3aneprkka Ha IPUEM IaKeTa JAHHBIX U3 JTUHUU CBSI3U HA y3€J1 Ha3HAUCHUSI.

JIns pacuéra 3aeprKeK 110 JIMHUM CBSA3M Ha KOHLIEHTPATOPAX B LEJSIX YIIPOILLIECHUS
pacdeToB 0OBIYHO HCTIONB3YIOTCS cripaBouHbie nanubie IEEE, conepkammue 3HaueHus
3a1EPIKEK PACIPOCTPAHEHUSI CUTHAJIOB B KOHLEHTpATOpax, IpUEeMoIlepeaTYuKax 1
Pa3IMYHBIX (PU3UUYECKUX Cpelax.

B Tabmuue 1 mnpuBeneHbl JaHHbIE, HEOOXOAMMbIE HJIsi pacyuera Ijsi BCeX
(bU3MYEeCKUX JTUHUI CBSI3U B OUTOBBIX MHTEpBaax. BUTOBBINM HHTEpBaT 0003HAYEH KaK
bt. butoBsiii uHTepBan (bit time) — 3TO BenMYMHA, OOpaTHAsE CKOPOCTU MeEpeaadyu
JAHHBIX.

Komurer 802.3 crapancsi MakCHUMaJIbHO YIPOCTUTH BBINOJHEHUE PACUETOB,
MO3TOMY JlaHHbIE, MPUBEJICHHbIE B TAaOJMIE, BKIOYAIOT Cpa3y HECKOJbKO ATAroB
IIPOXOXKIEHUs CUrHaya. Hampumep, 3aaepKK1, BHOCUMBIE KOHLIEHTPATOPOM, COCTOSIT
U3 3aJepXKKU BXOJHOIO TpPaHCUBEpA, 3aJCp>KKU OJI0OKa IMOBTOPEHUS U 3aJEPiKKU
BBIXO/IHOTO TpaHcuBepa. Tem He MeHee, B TaOJuIle BCE ITH 3aJ€PHKKU MPEACTABICHbBI
OJHOM BEJIMYMHOM, Ha3BaHHOM 0a30#l cerMeHTa.

Taoauna 1
3aJIep>KKH 10 JTUHUU CBSI3U
baza baza
THI cerverta basa neBoro | mpoMexyTod| mpaBoro |3amepxkka cpenbl| MakcuManbHas
cerMenTa, bt HOT'O CerMeHTa, Ha 1M, bt JIUTMHA CeTMEHTa, M
cerMeHra, bt bt
TOJICTBIN
KOAKCUAJIbHBIA 59 23,25 84,75 0,0433 500
Kabelb
TOHKHUH
KOAKCHaJIbHBIN 59 23,25 84,75 0,05013 185
Kabeip
BuTad napa 7,65 21,0 82,5 0,0556 100
OTTOBOIOKOHHBI ¢ ) 5 16,75 78,25 0,05 2500
Kabeip

JIeBbIM CErMEHTOM Ha3bIBAE€TCA CErMEHT, B KOTOPOM HAYMHAETCS IyTh CHTHAja
OT BbIXOJ1a nepenaryuka (Bbrxoa Tx) koHeuHoro y3na. C KaXabIM CETMEHTOM CBSI3aHA
NOCTOSIHHAS 3aJIepKKa, Ha3BaHHas 0a30i1, KOTOpast 3aBUCUT TOJIBKO OT THIIA CETMEHTA
Y OT II0JIO’KEHUSI CETMEHTA Ha IyTH CUTHaJIa (JIEBBIH, IPOMEKYTOUHBIN WM IPaBbIN).



C KaXIbIM CErMEHTOM CBsI3aHA 3aJlEpP’KKa PACTPOCTPAHCHHS] CUTHAJIA BIIOJb
Kabensi cerMeHTa, KOTopas 3aBHCHUT OT JJIMHBI CETMEHTAa W BBIYHCISETCS MyTeM
YMHOXXEHHUSI BPEMEHHM pacCIpOCTpaHEHHUs CHUTHAJa TO0 OJHOMY MeETpy Kabens (B
OWTOBBIX WHTEpBajax) Ha JIMHY Kabemst B MeTpax. Pacuer 3akirodaercs B
BBIUMCIICHUH 3a/ICP)KEK, BHOCHMBIX KaXIbIM OTPE3KOM KaOens (NpUBEICHHAs B
TabuIe 3aiep)KKa cCurHajaa Ha 1 M ka0elst yMHOXaeTcsl Ha JVIMHY CerMEHTa), a 3aTeM
B CYMMHPOBAHHH ITHX 3aJlepXKEK C 0azaMy JIEBOTO, MPOMEXKYTOYHBIX M TPABOTO
CErMEHTOB.

OrpanuyeHus, BO3HHUKAIOIIME H3-32 HCIOJIb30BAHUS OOIIEH pa3ienseMoil cpelbl, MOKHO
IIPEO0JIETh, PA3/ICIUB CETh HAa HECKOJIBKO Pa3ACiIIEMbIX CpPEel U COCAUHUB OTACIIbHBIE CETMEHTHI
CETU TaKMMH YCTPOUCTBAMU, KAK KOMMYTATOPBI UIIX MapIIPyTU3aTOPBI.

OTH yCTpoWCTBa IEpeAaroT KaApbl € OJHOTO CBOEro IMOpTa Ha Jpyrow,
aHaJIM3UPYsl aIpec HAa3HAUYEHHUs, NOMEIIEHHBIH B 3TuUX Kaapax. (B ornmmume or
KOHIICHTPATOPOB, KOTOPBIEC ITOBTOPAIOT KaJApbl HA BCEX CBOUX IOPTaX, IEpeaaBas Uux
BO BCE€ IIOJCOCAUHEHHBIE K HUM CEIMEHTBI, HE3aBUCUMO OT TOr0, B KaKOM M3 HUX
HaXOAMTCS CTAaHLMSA HazHaueHHsA.) KOMMyTaTopbl BHIIOJHSIOT ONEPALMIO NEpeaadn
KaJIpOB Ha OCHOBE IUIOCKHMX aJpecoB KaHaJIbHOro ypoBHs, T. €. MAC-aapecos, a
MapLIpyTH3aTOPbI — HA OCHOBE HOMepa ceTu. [Ipu aTom ennnas pasgensemMas cpena,
CO3JaHHasl KOHLEHTpaTopaMy (WM B NPEIEIBHOM CIIy4ae - OJHUM CErMEHTOM
Ka0esst), IeIUTCS Ha HECKOJIbKO YacTel, Kax/aas U3 KOTOPBIX MPUCOEAUHEHA K TTOPTY
MOCTa, KOMMYTAaTOpa UM MapLIPyTU3aTOpa.

['oBOpAT, 4TO NmpU 3TOM CETh JEIUTCS Ha JIOTMYECKHE CETMEHTBhl WU CETh
IIOJBEPraceTCs JOTUYECKOW CTPYKTypU3alUH. JIOTMYECKUH CETMEHT IIPEACTABISAET
co0Oi emuHyI0 pazlensaeMyro cpeny. [leneHue ceTd Ha JIOTMYECKUE CETMEHTHI
IPUBOJUT K TOMY, YTO HAarpy3Ka, IPUXOASIIAsACs Ha KaK/IbIi U3 BHOBb 00Pa30BaHHbIX
CErMEHTOB, [IOYTH BCETa OKA3bIBAECTCSI MEHBIIIE, YEM HArpy3Ka, KOTOPYIO UCIIBIThIBAJIA
ucxojHas cetb. CienoBaTenbHO, YMEHBIIAIOTCS BpeaHbIe 3(PPEKTh OT pa3AeseHus
Cpenbl: CHUXKAETCSl BpeMs 0KUJAaHMs 0CTyMa, a B ceTsix Ethernet — u MHTEHCUBHOCTD
KOJIJIU3UM.

BonbIIMHCTBO KPYIHBIX ceTel pa3padaThIBaeTCs Ha OCHOBE CTPYKTYpPHhI € 0011ei
MarucTpasnblo, K KOTOPOU 4epe3 KOMMYTAaTOPbl U MAPLIPYTU3AaTOPBI IPUCOEIUHSIIOTCS
HOJICETH. DT MOJICETH O0CITYKUBAIOT pa3ianuHble oTAeinsl. [logcetn MoryT nenurbes
U J1aJiee Ha CErMEHTBI, IIpeIHa3HauEHHbIE [l 00CITyKUBaHUS paOb04MX TPYIIIL.

B oOmem cinydae peneHuMe CEeTHM Ha JIOTMUYECKME CETMEHThI IOBBIIIAET
IPOU3BOJAUTENIBHOCTh CETU (32 CYET pa3rpy3Kd CErMEHTOB), a TaKXKe TMOKOCTb
MIOCTPOEHUSI CETU, YBEIUUYMBAsA CTEIICHb 3alIUThI JAHHBIX, U OOJEryaer ynpaBJieHHUE
CETBIO.

IIpyuHUMNIBI pa60THI KOMMYTATOPOB

Texnonorus xommytamuu cermeHToB Ethernet Oputa mpemnokena dupmoit
Kalpana B 1990 roay B oTBeT Ha pacTyuiie NOTpeOHOCTH B MOBBIIICHUN MTPOITYCKHOM
CITOCOOHOCTH CBSI3€M BBICOKOIIPOU3BOJAUTEIBLHBIX CEPBEPOB C CETMEHTAMU Pabodnx
CTaAHIINN.

CrpyktypHas cxema kommyrtatopa EtherSwitch, mnpemnoxxennoro ¢upmoit Kalpana,
npeJcTaBlIeHa Ha puc. 1.



Kaxnpiii u3 8 mopToB 00cayKuBaeTcsi OAHUM TpolieccopoM makeToB Ethernet —
EPP (Ethernet Packet Processor). Kpome Toro, koMmyTrarop HUMEET CHCTEMHBII
MOJyJIb, KOTOPBIA KOOpJIUHHpPYET pabdoTy Bcex mpoieccopoB EPP. Cucremusrit
MOJAYJIb BEJET OOy aJpecHyIo TaOnuily Kommyraropa. [ns mepenauu Kaapos
MEXKJy NOPTAMHU HCIIOJb3YETCS KOMMYTAllMOHHAs MaTpHULA, COEOUHSASI HECKOJIBKO

mpoueCCOpoOB C HCCKOJbKHUMHU MOAYJISIMHA ITaMSTH.

KoMmmyTarnmonnass Marpuiia paboTaeT Mo MPUHIMITY KOMMYyTaIuu KaHayioB. st 8 mopToB
MaTpUIla MOXKET O0eCIeuuTh 8 OJHOBPEMEHHBIX BHYTPEHHUX KAaHAJOB MPH MOJYAYIUIEKCHOM
pexume paboThl MOPTOB U-16 — MpU MOTHOMYIIIEKCHOM, KOT/Ia MepeJaTuuK U MPUEMHHUK Ka)KI0Tro
nopTa paboTalT HE3aBUCUMO JIPYT OT Apyra.

[Ipu moctymieHnn kaapa B kakoi-imbo nopt nporeccop EPP Gydepusyer HeCKoIbKO MepBhIX
OaifT Kaapa, YTOOBI MPOUUTATH aapec HazHaueHus. [lociie momydenus aapeca Ha3HAYEHUS ITPOLIECCOP
cpasy e MPUHUMAET pelIeHUE O Mepeiaye MaKkeTa, He J0KHUAAACh IPUX0/1a OCTaIbHBIX OalT Kaapa.
JIJist 3TOTO OH MPOCMATPUBAET CBOW COOCTBEHHBIN KOIII aAPECHOM TAOIHIIBI, a €CIIK HEe HaXOUT TaM
HY)KHOTO ajipeca, oOpaiaercsi K CUCTEMHOMY MOJYJIIO, KOTOpPbI padoTaeT B MHOI03a/layHOM
pexuMe, mapaielibHO O0OCIyXuBas 3ampochl Bcex mporeccopoB EPP. Cuctemusiii Momynb
MIPOM3BOUT MTPOCMOTP OOIIIEH aApeCHON TaOIUIBI U BO3BpAIAET MPOIIECCOPY HANACHHYIO CTPOKY,
KOTOPYIO TOT Oydepu3yer B CBOEM K3IIIe /ISl TOCTIEAYIOMIETO UCTIOIh30BAHUSI.

[Tocne HaxoxaeHus anpeca HazHadeHus nponeccop EPP 3Haer, 4to Hy)KHO AanbIie aeiaaTh ¢
MOCTYMAONIMM  KaapoM (BO BpeMs MPOCMOTpa aApeCcHOW TabIUII TPOIECCOp MPOIOIKAI
Oydepuzario MocTymarumx B mopT 0aiToB Kaapa). Eciu kaap Hy>)KHO OTQUIBTPOBATH, IPOILIECCOP
IPOCTO TpeKpalaeT 3amuchiBaTh B Oydep OaiiTel kaapa, ouunmiaer Oydep M KAET MOCTYIUICHUS
HOBOT'O KaJipa.

Ecnmu ke kamp HYXKHO TmiepenaTh Ha JPYrod MOpT, TO TMpoleccop obpamaercs K
KOMMYTallMOHHOW MaTpHULIE U MBITAETCS YCTAHOBUTH B HEH MyTh, CBA3BIBAIOIININ €0 MOPT C IOPTOM,
yepe3 KOTOpPbIM HAET MaplIpyT K ajpecy Ha3zHaueHus. KoMMmyTalmoHHash MaTpulia MOXET 3TO
cenaTh TOJIBKO B TOM Ciy4yae, KOr/ia MopT ajipeca Ha3HaueHUsl B 3TOT MOMEHT CBOOO/JIEH, T. €. He
COEIMHEH C IPYTUM MOPTOM.

CHETEMHRS MV
Ynpaanawwe MegroaaqayHoe
Aapo
EPP1 EPPB
EPP2 KoMy TRUMOHHER i
MATRHUE
EPPE
EPP3
EPP4 L EPP3 I,

Puc. 1. Ctpykrypa kommyTaTopa EtherSwitch komnanuu Kalpana

Ecnu e mopT 3aHsT, TO, KaK U B JIIOOOM yCTPONCTBE C KOMMYTallUel KaHAJIOB,
MaTpHlla B COEJMHEHUHU OTKa3bIBaeT. B 3TOM ciyuae kaap noiaHocThio Oydepusyercs



IPOLIECCOPOM BXOJHOTO TMOPTA, IMOCJIE YEro MPOILECCOp OXKUAAET OCBOOOKICHUS
BBIXO/JTHOTO TIOPTa U 00pa30BaHUs KOMMYTAIIMOHHON MaTpUIled HYKHOTO MYTH.
[locne TOoro Kkak HYXHBIA TyTh YCTAHOBJEH, B HEro HaIpaBJsSIOTCS
OydepuszoBaHHble 0alThl Kaapa, KOTOPbIE MPUHUMAIOTCSA MPOLIECCOPOM BBIXOAHOTO
nopta. Kak Tonbko mpoleccop BBIXOAHOTO TOpTa IMOJy4YaeT JAOCTyln K
MOJKIIOYEHHOMY K HEMY CETMEHTY, OalThl Kajpa cpa3y ke HaUMHAIOT MepeaBaThCs
B ceTb. lIpoleccop BXOIHOro MOpTa MOCTOSIHHO XPAHUT HECKOJbKO OaiT
OPUHUMAEeMOTo Kajapa B cBoeM Oydepe, YTO MO3BOJSET €My HE3aBHCUMO U

ACMHXPOHHO NMPUHUMATH U TIepeaaBaTh OANTHI KajIpa.

Onwucanuplii croco0 mepenayn Kajapa 0e3 ero mosHoW Oydepuszanuu MOTY4YUT Ha3BaHHE
KOMMYyTanuu «Ha Jety» («on-the-fly») wmm «Hanponer» («cut-through»). 3OTtoT cmoco6
IpeJCTaBisieT, MO0 CYTH, KOHBEHEepHyl0 0O0pabOTKy KaJpa, KOrja YaCTMYHO COBMEILNAIOTCS BO
BpPEMEHU HECKOJIBKO 3TAIlOB €ro IMepelayvn.

—  IIpuém nepBbIx 6alT Kajpa MPOILECCOPOM BXOTHOTO TIOPTa, BKIIOYAs IpUeM OaiT aapeca
Ha3HA4YECHMSI.

— Tlouck agpeca Ha3HaYeHUA B aIPECHOM TabIuIle KOMMYyTaTopa (B K31Ie Mpoleccopa uiu B
o0mieit TabnuIle CHCTEMHOTO MOYJIA).

— KomMmyranust MaTpHuiisI.

— IIpuem ocTasibHBIX OAWT Kaapa MPOIIECCOPOM BXOIHOTO MOPTA.

— Ilpuem GaitT kagpa (BKIHOYAst IEPBBIC) MTPOIIECCOPOM BBIXOJHOTO TIOPTA Yepe3
KOMMYTAllMOHHYIO MaTpUILy.

— Ilonyuenue gocryna k cpee mpoueccopoM BBIXOIHOTO MTOPTA.

— Ilepenaua GaiT kKampa MPOIIECCOPOM BBIXOIHOTO MTOPTA B CETh.

Ortansl 2 1 3 COBMECTUTH BO BPEMEHU HEIb3s, TaK Kak 0e3 3HaHUs HOMepa BBIXOJAHOTO MOpTa

ornepanysi KOMMYyTaluy MaTPULbl HE UMEET CMBICIIA.
[To cpaBHeHMIO C peXHMMOM MOJIHON Oydepuszauuu Kaapa, SKOHOMHsS OT KOHBelepu3aruu
MOJTY4YaeTCs OIIYTUMOM.

Tax kak ri1aBHOE JOCTOMHCTBO KOMMYTaTopa, OJaroaapsi KOTOpOMY OH 3aBOEBaJl
OYEHb XOPOIIKE MO3ULUH B JJOKAIBHBIX CETAX, 3TO €0 BHICOKAsI NPOU3BOIUTEIBHOCTD,
TO pa3pabOTYMKH KOMMYTATOPOB CTaparOTCsl BBITYCKaTh TaK Ha3bIBaeMbIe
Hebnokupytomme (non-blocking) Monenu KoMMyTaTOpOB.

HeGnoxupytomuii KOMMyTaTOp — 3TO TaKOW KOMMYTATOp, KOTOPBIM MOXKET
nepesaBaTh KaJpbl 4€pe3 CBOU MOPTHI C TOM ke CKOPOCTHIO, ¢ KOTOPOW OHM Ha HUX
noctynatoT. ECTECTBEHHO, YTO Jaxe HEOJIOKUPYIOIUNA KOMMYTaTOp HE MOXKET
pa3peuIuTh B T€UEHUE JO0JTOro MPOMEKYTKa BPEMEHU CUTYAIlMH, Korja OJOKUpOBKa
KaJIpOB MPOUCXOJUT U3-3a OTPAHUYEHHON CKOPOCTU BBIXOJHOTO MOPTA.

OOBIYHO HMMEIOT B BHUAY YCTOMUMBBIA HEOJOKUPYIOIIUA pexUM padbOThI
KOMMYTaTOpa, KOorjga KOMMyTaTop MepeaaeT KaJapbl CO CKOPOCThIO UX MOCTYIJICHUS B
TE€YEHHE MPOU3BOJIBHOTO MPOMEXKYTKa BpeMeHH. [ obecrneueHus: Takoro pexuma
HY>KHO, €CTECTBEHHO, TAKOE pacCHpe/IeIeHHEe MOTOKOB KaJApPOB MO BBIXOJHBIM IOPTaM,
YTOOBI OHU CIIPABJISUIUCH C HATPY3KOil, 1 KOMMYTATOp MOT BCET/a B CPEAHEM IIEpeaTh
Ha BBIXOJbI CTOJIBKO KaJIpOB, CKOJbKO MX MOCTYMUJIO HA BXOAbI. Ecnu ke BXOgHOU
NOTOK KaJpoB (ITPOCYMMHMPOBAHHBIN 110 BCEM MOPTaM) B CpeHEM OyAET MpPEeBbIIIATh
BBIXO/IHOM MOTOK KaJpoB (TaKkKe MPOCYMMHUPOBAHHBIN MO BCEM MOPTaM), TO KaJaphbl
OyanyT HakaruBaTbcsa B OydepHON mamMsTH KOMMYTaTOpa, a MPHU MPEBBIIMICHUU €€
00beMa — MPOCTO OTOPACHIBATHCS.



CoBpeMEHHbIE ~ KOMMYTAaTOpPbl ~ MOTYT  MOJAJAEPXUBaTh  MTHOBEHHBIH
HEOJOKUPYIOLINH pexkuM. DTO O3HAYAET, YTO OH MOXKET IMPUHUMATh U 00padaTbiBaTh
KaJpbl OT BCEX CBOMX MOPTOB Ha MaKCHMAJIBHOW CKOPOCTH MPOTOKOJIOB, HE3aBUCUMO
OT TOTO, O0ECTIEYNBAIOTCS JIM YCIIOBHS YCTOMYMUBOTO paBHOBECHUS MEKAY BXOIHBIM U
BBIXOJIHBIM rpadukom. [IpaBna, 00paboTka HEKOTOPBIX KaIPOB MPU 3TOM MOXKET ObITH
HEMOJHOM — TpU 3aHATOCTH BBIXOJHOTO TMOpTa Kaap momemiaercs B Oydep
KoMMyTatopa. JJis moiaepKKi HeOJIOKHUPYIOIIET0 MTHOBEHHOTO peXKHMa KOMMYTAaTOp
JOJKeH 001agaTh OoJbIIe COOCTBEHHOW MPOU3BOAUTEIBHOCTHIO, @ UMEHHO, OHA
JI0JKHA OBITH OOJIBIIIE WM paBHA CYMMapHOW MPOU3BOJUTENILHOCTH €TI0 MOPTOB:

3amepkka Tmepeqaud Kajapa 4Yepe3 KOMMYTaTop H3MepseTcs Kak Bpems,
npouiesiee ¢ MOMEHTa NpuUxoja NepBoro OalTa KaJpa Ha BXOJHOM MOPT
KOMMYTaTopa JI0 MOMEHTa IMOSBJICHHsI 3TOro OaiiTa Ha €ro BBIXOAHOM IMOPTY.
3amepKKa CKIIQIbIBACTCS U3 BPEMEHH, 3aTpaunBacMoro Ha Oydepu3zaiuio 0aiuT kKajpa,
a TaK)Ke BPEMEHH, 3aTpauynBaeMoro Ha 00paboTKy KaJpa KOMMYTaTOPOM, — IPOCMOTpa
anpecHor TaONMIbl, MPUHATHS pelieHus O (UIBTPAlMU WU TPOJBIKEHUU W
MOJTy4eHUs TOCTYIIa K Cpe/ie BEIXOAHOTO TIOpTa.

BenudrHa BHOCUMO# KOMMYTaTOPOM 3aJ€PKKH 3aBUCUT OT PEKHUMa €To paboTHlI.
Ecnu koMMyTaIus ocymmecTBIsSETCs «Ha JIETY», TO 3aI€PKKH OOBITHO HEBEJINKH, a TIPU
NOJIHOM Oy(epur3aium KagpoB — yBEIMUMBAOTCS Ha JJIMHY Kajpa.

Mpumep nopAaKa BbINONHEHUA NabopaTopHO paboTbl

B kauecTBe MCXOJHBIX JAHHBIX UCIOJIL3YETCsl pazpaboTaHHas B J1aOOpPATOPHOM
Nel CKC.

Jlst pacueTa 3a7iepKeK 1Mo cpejie mepeaaydn, pH nepeaade B JIMHUIO CBSA3H U ITPU
nepeaade yepe3 MpoMeKyTOqYHOE 000pyA0BaHUE MCITOIB3YEeM 3HAUCHHUS 3aIePIKEK 13
TaOmuiel 1.

Jlns mepeBoia M3 OGMTOBOIO MHTEPBAJIa JieJlacM IepecueT B MUKPOCEKYHIBI (MKC),
UCIIOJIb3YsI CKOPOCTh TIepeiauu B ceTu (Tabmuna 2).

Taéauua 1
[Iepepacyer 3aaepKeK I JIMHUU CBS3U

3anepkka cpenbl Ha 1 M

ONTOBOJIOKHO
UTP-5, HC e ’

Ha ocHOBaHWM JUIMH JMHUHN CBS3U BBIYHCIISIOTCS 3aJ€PKKH B TOPHU30HTAIBHOM
noacucreme (tadauna 3).

Taoauna 3

[Tpumep TabauIsl 118 pacyeTa 3aJep>KeK B TOPU30HTAIBHOM MOJACUCTEME

CymmapHas
3afep KKy nepenadn | 3aaepikka SaePKKa OT
HOMED Paccrosnue no 0 JIMHUM CBSI3U OT | IIepelayu 3]?1 a 110
PC KOMMYyTaTopa y3J1a 10 KOMMYTaTopa, | B JIMHUIO M
KOMMYTaTopa,

HC CBSI3U, HC
HC




12
13
14
MaKc
MUH
cpenH

AHAJOTHYHO AENAeTCsl pacyeT sl BEPTHUKAIBHON MOJACUCTEMBI M TOJCHUCTEMBI
kammyca. [lpu 3TOM He y4HTBHIBaeTCS 3aJ€pXKKa BbIAYM B JIMHUIO CBSI3U C
KOMMyTaTopa. JTa 3ajiepKKa OyJIeT y4UThIBaThCS B 3aJIep:KKe MpHU Mepeaaye yepes
KOMMYTATOp.

Pacuér 3aaepkku Ha KOMMYTaTOPE BHITIOJHIETCS B OTAEIHHOM TabIHUIIE C yUETOM
pexuma padboTel kKommyTtaTopa (Tabmuma 4).

Tabéauna 4

Pesynprarsl pacuera 3anepxex

Bpewms Ha Bpems Ha Bpewms Ha
npueM MOMCK aJipeca | KOMMYTall
NEPBbIX | Ha3HAYCHUS B U0
OaiT aZpecHO Marpuilbl, | [Ipuem | Ilomyue
Kazapa TabmuIe HC ocTab HUE
IpOLECCO | KOMMYyTaTopa HBIX | JOCTyIa
poMm (B K311IE OaliT | K cpene
BXOJIHOTO | Ipolieccopa KaJpa | mepenay
1opTa, WX B 001Iei poue U
BKJTIOYast Tabnuue Ccopo | mpotecc
npuem CHCTEMHOTO M opoM
OaiT MOJYJIsT) , HC BXOoaH | BbixogH | Cymmap
HaumenoBanue aznpeca oro oro Hast
pexxuma paboThl | Ha3HauYeH nopra, | MOpTa, | 3aJepPiKK
KOMMYTaTopa usi, HC HC HC a, HC
Pexnm
KOHIIEHTpaTopa
Kommyranus
«HA JIETY»
[Tonnas
Oydepuzarus

Jliia pacyeta cyMMapHOM 3aJIep>KKH B CETU HCIOJIb3yeM MIa0JI0OH, MPUBEAEHHBIN
B Tabmurie 5. JlaHHBIN pacdeT BRIMOTHSAETCS JIJISl BCEX PEKUMOB pabOThl KOMMYTATOpA.




Pacuer cymmapHOU 3a€pKKH B COCTAaBHOW CETH

Tabéauna 5
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CpenH
MakKcC
3anaHue HA BbINOJIHEHHE J1a00PATOPHOIl padoThI
Jlnst  paspaboranHoit B sabopatopHoii paboTe Nel CTpyKTypupOBaHHOM

KA0€EJIbHOU CUCTEMBI:

1. BBIUMCINTBL 3aJE€pKKHU Tepelladyd JaHHbIX MEXAy y3naMu ceth. [ns pacu€ra
HCIIOJIB30BaTh MapaMeTpbl KOMMYyTaTopa, NpuBeAEHHbIE B TaOmuie 6. Pacuér
MPOBECTU ISl PEXKHUMA KOHILEHTPATOpa, KOMMYTATOpa B PEXKHUME MOJHOU
oydepuzanuu u ¢ Oydepuszanueii Ha JeTy.

2. Paccuutarh CpeaHIO0, MUHUMAIBHYIO U MAaKCUMAIBbHYIO 3aJE€PKKYy Iepenadu
KaJIpOB B pa3pabOTaHHOM CETH.

3. BepaboTarh NOpeMIOKEHUS 1O YMEHBIICHUIO BpPEMEHHU 3aJIepKKH 3a CYET
pEeKOH(UTYpALUK CETU C TTIOMOIIBIO KOHIIEHTPATOPOB U JIMHUMN CBS3H.

OT4€T OTIIPaBUTH HA DIIEKTPOHHBIN anpec a@tltsu.ru.

BapuanTsl napameTpoB KOMMyTaTopa

Ne Bap. N V, t2, MKC t3, MKC t6, 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
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

OdopMuTh OTYET U TPEACTABUTH PE3YJIbTAThl BHITIOJHEHUS] PAa0OTHI HA 3aIUTY.

Tabéauna 6




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 — 4KCII0 MOPTOB Y KOMMYTATOpa.

V — CKOpOCTB Ilepesiauu TaHHbIX B CETH.

t, — BEIOOP BBIXOJIHOTO MOPTA.

t3 — KOMMyTalus IOPTOB.

ts — IOJIyYEHHUE JOCTYIIA K CPENIE BBIXOJHBIM [IOPTOM.
n — pasmep Kazpa.

TpeGoBanus K 0pOPMJICHUIO OTUYETA

OTtuéT no nabopaTopHOt paboTe JOJIKEH BKIIIOYATD:

1. Kparkoe u3noxxeHue nopsjika BbIIOJIHEHUS J1a00paTOPHOM pabOTHI.

2. TeopeTnueckue OCHOBBI BBITIOJHEHHUS pacy€Ta 3aACpiKKH.

3. Pacuér 3anmepxkek mnepenaun 1mo BceM djeMeHTam CKC (BbImosHsIeTCS €
npuMeHeHueM (GopMys B TaOJIMYHOM MPOLECCOPE).

4. BpIBO/BI IO MOJTYYEHHBIM PE3yJIbTaTaM.

JlabopamopHasi paboma 3. Pazpabomka adpecoe cemu Kammnyca rno
cmaHOlapmam cemeeo20 YPOBHS

Hear pabGorbl: UM3yunuTh OCHOBBI CETEBOM ajapecaliii B  COCTAaBHOM
KOMIIBIOTEPHOU CETH Ha OCHOBE NpoTOKoJa IP.

Ilepeuenb 000pyaOBaHHUSI W NPOrPAMMHOr0 olecmedeHUsi, HeEOOXOAMMBIX LIS
BbINOJIHEHH I JIA0OPATOPHOI1 padoThI:

OBM c omepammonHoit cucremoir Windows XP (wim Beillie Bepcusi) WM
cemerictBa Linux.
TabmuuHbIe ¥ TEKCTOBBIC MPOIIECCOPHI.

KpaTtkoe u3/i0:keHre OCHOBHBIX TEOPETHUYECKUX U METOMYECKHUX ACIEKTOB
padoThI

O0630p TCP/IP
JlJ1a mOHMMaHuUsl TEXHOJOTUHU paboThl nmpoTokona [P Hago cHayana pazoOpaTthcs
¢ joruaeckoit crpykrypoit creka TCP/IP (puc. 1).



CeTteBble MPUITOKEHUS

n pw;oq%ﬂ ‘port)

TCP UDP
ceN /()z%aepajwwa
IP
ARP naxkem
ETHERNET
Kapp

Ethetnet xabenn

Puc. 1. ¥Y3ea ceru TCP/IP

[lokazaHHass Ha pPHUCYHKE CXEMa OIIMCHIBAET JIOTHYECKYIO CTPYKTYpY
MHOTOYPOBHEBBIX IIPOTOKOJIOB B KOMIBIOTEPE, IOAKIIOUYEHHOM K ceTh. Bce
KOMITBIOTEPHI, MOJJEPKUBAIOLIUNE TOJOOHYIO CTPYKTYpPY, MOTYT OOMEHUBATHCS
uH(popMaIuen, UCIoNb3ys CeTeBble MPOTOKOJIBI. [IpuBeIeHHAs HA PUCYHKE CTPYKTYpa
OTIPEJICIISIET MOBEICHUE KOMITbIOTEpa B ceTH. KaXkIbIi U3 MPSAMOYTOJILHUKOB Ha CXEME
MOKa3bIBAaeT Mpolecc 00pabOTKM [MaHHBIX B KOMIIBIOTEpE, a JMHUM O0O3HAYaroT
MOTOKU JaHHBIX. |'OpU30OHTANIbHAS JUHUS B HUKHEW YacCTU PUCYHKA MPEICTABISET
kabens Ethernet.

Ha3BaHue 351eMEHTOB JaHHbBIX, IPUHUMAEMbBIX W3 CETH, 3aBUCHUT OT YPOBHS B
CTEKE IPOTOKOJIOB:

— 1 Ethernet Moy nannbix HazeiBatoT kaapamu (Ethernet frame);

— JaHHBIE MEXIy npaiiBepoM amantepa Ethernet u momynem IP mepenarorcs B
nakerax (IP packet);

— nanHble Mexay moayisimu [P u UDP nepenatotcst ¢ momouieto aeiitarpamm (UDP
datagram);

— MOJyJU JaHHBIX, nepenaBaembie Mexay [P u TCP, naspiBator cermentamu (TCP
segment) WM TPAHCTIOPTHBIMU COOOIICHUSMM;

— JIaHHBIE HA YPOBHE CETEBBIX MPUJIOKEHUM MEPEIAtOTCS C MOMOIIBI0 COOOIIECHHUH.

Jns npunoxkenuit, ucnoisdyromux npotokon TCP (Transmission Control
Protocol — mnpoTokon ympaBiieHus Tepeaadeii), TaHHbIE TMEPENAIOTCI MEXKIY
npuioxenueM u moaysieM TCP. JIns npuiioxkeHuid, Ucnob3yromux npotokoia UDP



(User Datagram Protocol — mpoTokos MOJB30BaTENbCKUX JeHTarpaMm), OOMEH
JIAHHBIMU UJIET MEXAY NMpuiio)keHuem u moxaysiem UDP.

B  wmomynsx TCP, UDP wu  gpaiiepe  Ethernet  BwImomHseTcs
MYJIbTUILUIEKCUPOBAHUE N X | (MYJBTUIUIEKCOP MMEET OIWH BBIXOJ M MHOXXECTBO
Bx0710B). CyIIECTBYET Tak:ke oOpaTHasi onepainusi — JeMyJIbTHIUIEKCUpoBaHue 1 X n
(IeMyJIBTUILUIEKCOP MMEET OJMH BXOJ M MHOXeCTBO BbixoJ;i0B). Ecnu kagp Ethernet
nonagaer B ApaiiBep Ethernet w3 cetu, 3TOT Kaap mnepemaeTcss MOIYJIIO
npeoOpazoBanus aapecoB ARP (Address Resolution Protocol) wmm momymio [P
(Internet Protocol). Beibop omgnoro u3 stux moxyneit (ARP wmm IP) onpenensercs
M0JIEM THUIIA B 3arojioBke kajpa Ethernet.

Ecnu maker nonanaer B moayiie [P, mocie storo on nepenaercs moxyito TCP
i UDP B coOTBETCTBHM CO 3HAUEHMEM TOJISI ITPOTOKOJIA B 3aroioBke [P.

Hewitarpammbl UDP, npuxopsime B 0THOMMEHHBINH MOYJb, IPE0Opa3yroTcs B
COOOIIIEHUsI TPUKIATHOTO YPOBHS M TMEPENAIOTCs IporpaMmam, BBIOOP KOTOPBIX
onpexaensiercss Homepom noprta B 3aroioBke UDP. Cermentsl TCP B ogHOMMEHHOM
MojayJe TmpeoOpa3yloTcsi B COOOIIEHHS MPUKIATHOTO YPOBHS W MEPENaloTCs
II0JIb30BATENBCKUM IIPOIPAMMAaM B COOTBETCTBUH C HOMEpPOM nopta B 3aronoBke TCP.
MynbTUIIIIEKCUPOBAHUE HCXOJAIIETO TMOTOKA SIBISAETCS OYEHb MPOCTOM 3aJayei,
MOCKOJIBKY Ha KaXKJIOM YPOBHE CYHIECTBYET TOJBKO OJIMH IMYyTh IEeperadn
uH(pOpMaUU; KaXIbld MPOTOKOJ NPOCTO A00aBIsSET B MAaKeT CBOM 3arojoBOK,
00ecCIeynBaOIINA 1EMYJIbTUIUIEKCUPOBAHKUE JTAHHBIX HA PUEMHOM CTOPOHE.

JanHble nepenatoTcss OT mNpukiaaaHbix nporpamm uepe3 TCP wmu UDP,
npeodpa3yrorcs MoayineMm [P u mepemaroTcss B CeTh C HMCIOIB30BAaHHEM JpaiiBepa
CETEBOM IIaThl HA CAMOM HH>KHEM YPOBHE.

KommbroTtep Ha puc. 1 umeer ogHo coenunenue Ethernet. [llectubaiiToBbIit agpec
Ethernet sBisieTcss yHuMKanbHBIM JJisi Kakaoro amgantepa Ethernet m 3amaercs Ha
arnrapaTHOM YPOBHE.

Kommnrerotep Takxke umeet 4-0aiitoBbiit aapec [P. DToT agpec ucnonszyercs Ha
uHTep(deiice HIKHETO ypoBHSA B Moayiie [P. DToT aapec nomkeH ObITh YHUKATbHBIM B
MacmTabax cetu. PabGoTtarommii kommbroTep Beerna 3HaeT cBou anapeca [P u Ethernet.

Ha puc. 2 cxemarnuecku H300paXeH KOMIBIOTEp C JABYMS CETEBBIMU
uHTepdeiicamu:



CeTeBble TIPUIIOKCHUA

n p%ﬂmq%ﬂ (port)

TCP
ceN %paﬁma
1P
ARP
ARP naxkem narem

ETHERNET ETHERNET

Kapp K4‘)p
Ethetnet xabeis 2

Ethetnet xabens 1

Puc. 2. V3ea ceru TCP/IP ¢ neyms agantepamu Ethernet

W3 mnpuBeAeHHON CXE€Mbl OYEBUAHO, YTO B KOMIIBIOTEPAX C HECKOJBKUMH
busznueckumu  uHTepdeiicamu  moayinbp [P paGoTaeT Kak =~ MYJBTUILIEKCOP-
JEMYJIBTUILIEKCOP mxN.

MynbTUIIEKCUPOBAHUE BBINOJHAETCS TMpU  Iepejadye JaHHBIX B 000MX
HanpasieHusx. Moayns [P ¢ Heckonpkumu ¢uznueckuMu UHTEpQEHcaMu Ha caMmoOM
nene Oosiee CIIOXKEH, MOCKOJIbKY TakOM MOJYJIb MOXET 00ecredyrBaTh MEPEChUIKY
JaHHBIX B JApPYTU€ CETH (JlaHHBbIC, MPHUHATHIE Yepe3 OAMH HHTepdeiic, nmepeaaroTcs
yepes Ipyrom).

IIponecc ormpaBku mnakera [P B JOpyryl0 ceTb Ha3bIBAETCS INEPECBUIKOU
(forwarding) maketoB IP. Kommbrlorep, mpUHMMAIONIMII peEIIEHUE O TEPECHUIKE
nakeToB [P, 00b1yHO Ha3bIBatOT MamipyTuszaropom (IP-router).

Kak M0KHO BHUJETh Ha NMPUBEACHHOM PUCYHKE, B IIPOLIECCE MEPECHUIKA TAKETOB
IP moxymu TCP u UDP na mapuipytuzarope [P yyactusa ve npuaumaror. Hexkotopeie
u3 peanuzanui [P-mapupytuzatopoB nmpocto He BkIo4atoT moxayJieit TCP u UDP.

Monaynes IP saBnsieTcss KpaeyroiabHbIM KamHeM TexHoJioruu Internet. Kaxxapri
MOJYJIb WU JpaiiBep A00aBIISE€T CBOM 3aroJIOBOK K MAKETy MO MEpE MPOXO0XKICHUS
uH(pOpMaIMU OT BEPXHETO YPOBHS K HIPKHEMY Uepe3 CTEK MPoTokoaoB. Ha mpuemHoit
CTOPOHE KaXIbld MOJYJb WM JAPAUBEpP H3BIICKACT U3 MAKETAa COOTBETCTBYIOLIWN
3arojoBoK. 3aronoBok I[P comepxut IP-ampec, mo3BOisiIOMIMII MOCTPOUTH OJIHY
JOTHMYECKYI0 ceThb Ha 0a3e MHokecTBa (usmueckux cered. Takoe coenuHeHHE
MHOXXECTBA CETeH MeXay coOOl W TOCITYKHJIO OCHOBOW JUIsl CO3/aHMsI TEPMUHA
Internet. MHOECTBO COETMHEHHBIX MEXKIY OO0 (PU3MUECKH ceTeil, 00beTUHEHHOE
oOLIMMH POCTPAHCTBOM YHHMKAJIbHBIX afpecoB IP, Ha3biBaeTcs internet.

[P npsuer cereBoe 0O0OpPYHOBAHHME HIDKENEKAIIMX YPOBHEM OT CETEBbIX
npwiokeHuil. Eciu Bel co3aaii HOBYIO (PM3HUYECKYIO CETh, €€ MOXHO COEJIMHUTH C



IpyrumMu cetsmu (internet), UCIONB3ysT COOTBETCTBYIONIUE JapaiBepsl 1 Moaynu IP.
Takum o0Opa3oM, ceTeBble MPUIIOKEHHUSI CTAHOBSITCS HE3aBUCUMBIMU OT (DPU3MUECKUX
uHTEepENCOB U HE MOJBEPKEHBI BIUSIHUIO B pEe3yJIbTaTe 3aMEHbI CETEBBIX YCTPOUCTB
WJIU TIOIKJTIFOUEHHS] HOBOM TEXHOJIOTUH.

IP-aapecanus

OcnoBo#t ¢pyHKIIMOHUpOBaHus rpotokona [P sBusercsa [P-anpec.

[P-anpec (aitnu-agpec, cokpamienne ot aHria. Internet Protocol Address) —
CETEBOM aJpeC y3JIa B KOMIIBIOTEPHOU CETH, TOCTPOEHHOM 110 npoTokoiy IP. B cetn
NutepHer TpebOyercs TioOanbHas YHHMKAJIbHOCTH ajpeca; B cliydyae paboOThl B
JIOKaNbHOM ceTu TpeOyeTcs YHUKAIBHOCTh ajpeca B IMpenenax cetd. B Bepcuu
npotokoiia IPv4 IP-anpec umeer nimuny 4 Gaiita.

[P-agpec Ha3bIBAlOT CTAaTUYECKHM, €CIM OH HA3HAYAETCS I10Jb30BATEIEM B
HACTPOMKaX CETEBOr0 YCTPOMUCTBA U SBJISAETCS MOCTOSTHHBIM.

[P-anpec Ha3pIBAIOT AMHAMUYECKHUM, €CJIM OH Ha3HA4yaeTCsl aBTOMATUYECKHU MPU
MOAKIIOUEHUN CETEBOr0 YCTpOMCTBa K ceth (Hampumep mno mnporokoiry DHCP).
JluHaMUYecKu TOMYyYEHHBIN aapec MOXKET ObITh KaK MOCTOSHHBIM (B Cilydae, Korja
Hanpumep 1o nporokoiny DHCP u3 pa3za B pa3 Bbiiaetcst ouH u 10T %€ [P-aapec u on
HE M3MEHSIETCS 10 UCTEUYCHHH lease-time), Tak U HEMOCTOSHHBIM (B cllydae, KOrjaa
narpumep cepsep DHCP ucnons3yer myn IP-agpecoB 6e3 mpuBsizku [P-MAC, u
KaKJIbIH pa3 moxydeHHsbIi [P-aipec pa3HbIil 1 MOXET U3MEHUTHCS 110 UCTeUeHUH lease-
time).

[P-anpeca npenctaBisitoT OO0 OCHOBHOM THIT aJIpECOB, HA OCHOBAHUU KOTOPBIX
CETEBOM YPOBEHb IMEpPEeIaeT MAKEThl MEXKIY CETIMU. DTH ajpeca COCTOSIT u3 4 OailrT,
Hanpumep 109.26.17.100. [P-agpec Ha3HadaeTcss aAMUHUCTPATOPOM BO BpEMs
KOH(UTYPUPOBAHUST KOMIIBIOTEPOB M MapuIpyTu3aTopoB. [P-aapec coctout u3 nByx
yacTei: Homepa ceTu W HoMmepa y3i1a. Homep cetu Moxer ObITh BbIOpaH
aJMUHUCTPATOPOM NPOU3BOJIBHO, TUOO Ha3HAYEH MO PEKOMEHJALUU CHEIHaIbHOrO
noapaszneneHus Internet (Internet Network Information Center, InterNIC), eciu cetsb
J0JDKHA paboTaTh Kak cocTaBHas yacTh Internet. OObIYHO MocTaBIMKH yCIyT Internet
MOJIY4aroT JUaIa3oHsl aapecoB y noapasaenenuii InterNIC, a 3arem pacnpenenstoT ux
Mexay cBouMu aboneHtamu. Homep y3na B mporokose I[P HazHauaeTcs He3aBUCUMO
OT JIOKAJIBHOTO ajipeca y3ia. MapmpyTu3aTop MO OMNPENEIICHUI0 BXOAHMT Cpa3y B
HECKOJIBKO ceTel. [1o3ToMy Kax bl TOpT MapIIpyTU3aTopa UMEeT COOCTBEHHBIN IP-
aapec. KoHeuHbI y3e TakKe MOKET BXOJIUTh B HECKOJIbKO [P-cereil. B aToMm cinyuae
KOMIIBIOTEP JOJKEH UMETh HECKOJIBKO [P-anpecoB, Mo 4ncity ceTeBbIX CBA3EH. Takum
oOpazom, [P-anpec xapakTepusyeT He OTACIbHBIA KOMITBIOTEDP MIIM MapIIPyTHU3aTOP, a
OJIHO CETEBOE COECTMHEHNE.

[P-anpec umeet anuny 4 6aiita 1 OOBIYHO 3aMMCHIBACTCS B BUE YETHIPEX YHCEl,
MIPEICTABIISIONINX 3HAYCHUS KaKI0TO OalTa B JECITHYHON (OpMe U pa3aesieHHBIX
Toukamu, Hampumep, 128.10.2.30 — TpagummoHHas gecsaTuyHas  (opma
npenacrasiaenus aapeca, a 10000000 00001010 00000010 00011110 — nBomuHas
dbopma npeacTaBIEHUS ITOTO XKe ajpeca.



[P-anpec umeet anuny 4 6aiita 1 OOBIYHO 3aMMCHIBAETCS B BUE YETHIPEX YHCET,
MPEACTABIISIONINX 3HAYEHUSI KaXI0ro OaiTta B JECATUYHOU (opMe, U pa3aesIEHHbIX
TOYKaMH, HAaIpUMeED:

128.10.2.30 — TpapunmoHHas aecatudHas ¢gopma npeacTaBieHus ajipeca,

10000000 00001010 00000010 00011110 — nBouuHast dhopma HpeaACTaABICHUS
ATOTO XK€E ajpeca.

Ha pucynke nmoka3zana ctpykrypa [P-aapeca pa3HbIX KI1accoB.

8 G 8 G 8 Gur g8 BT

Knacc A |0]  Mecetn | Ne yana |
KnaccB [1]0] Ne ceTu Na yana |
knace ¢ [1]1]0] Ne ceTi Na yana |
knecc D [1]1]1]0 Aapec rpynnsl multicast |
knacc € [1]1]1]1]0 3ape3epBHpOBaHD |

[P-anpeca paznensatorcs Ha S kiaccos: A, B, C, D, E. Anpeca knaccoB A, Bu C

JEJSATCA Ha JIBE JIOTUYECKHUE YaCTH: HOMEP CETH U HOMEP y3Ja.

VY anpecos kiacca A crapimii OUT ycTaHoBjeH B 0.

VY aapecos kiacca B nBa crapiux 6urta ycranoBiieHbl B 1 1 ) COOTBETCTBEHHO.
VY anpecos knacca C Tpu crapimx Outa ycraHoBJlieHbI B 1, 1 1 0 COOTBETCTBEHHO.
Anpeca knacca D mpenctaBisitoT co0ol crieruanbHbIe aipeca, He OTHOCSIIHECS

K oTAenbHBIM ceTsiM. [lepBoie 4 Outa 3THX aapecoB paBHbl 1110. Anpeca kimacca D

UCIIOJIB3YIOTCS JJIs MHOTOQ/IPECATHBIX MTAKETOB.

Anpeca B auamna3zone 240.0.0.0-255.255.255.255 Ha3pIBalOTCS apecamu Kiiacca

E. IlepBblii okTeT 3TUX aapecoB HauumHaerca ¢ OutoB 1111. Otm aapeca

3ape3epBUPOBAHBI JIJIsl Oy AyIIUX JAOMOJHEHUM B cxeme aapecanuu [P.

Cmyxebnsbie [P-aapeca:

1. Ecnu Bce 6uthl [P-aipeca ycTaHOBIIEHBI B HYJIb, TO OH 0003HAYAET aJIpeEC JAHHOTO
YCTPOMCTBA.

2. Ecniu B moje HOMEpa CETH CTOSAT HYJH, TO CYMUTAETCS, YTO MOJy4aTelb
MIPUHAJIEKUT TOU K€ CAMOM CETH, UTO U OTIIPABUTEb.

3. Ecnm Bce Outhl [P-anpeca ycTaHOBJIEHBI B €IMHUILY, TO MAKET C TAKUM aJpPecoM
JIOJDKEH PAcChUIaTbCsl BCEM y3jaM, HaxoAsAIUMCS B TOH XK€ CETH, 4TO U
oTnpaBuTelb. Takas pacchlika Ha3bIBAETCSI OTPAHUYEHHBIM ITMPOKOBEIIATEIbHBIM
coobmienuem (limited broadcast).

4. Ecnu Bce OUTHI HOMEpA y3Jia YCTAHOBJICHBI B HYJb, TO MAaKET MpEIHA3HAYCH ISt
JTAaHHOM CETH.

5. Ecim Bce OuThl B TMoOJIe HOMEpA y37a YCTAaHOBJCHBI B €IMHUILY, TO MaKET
pacchlIaeTcs BCEM Yy3JIaM CETH C JaHHBIM HOMEpPOM ceTHu. Takas pacchlika
Ha3bIBACTCS MIMPOKOBEIIATEILHBIM coobmieHneM (broadcast).

6. U3 3THX ABYX NMYyHKTOB BHJIHO, YTO B JIFOOOW CETH JBa 3HAYEHHS HOMEpa y3Jia
3ape3epBUPOBAHBI JJIs CIY>KeOHON HAOOHOCTH.



7. Ecnu nepBslif OKTET agpeca paBeH 127, To aapec 0003HAYaET TOT K€ CaMblil y3ell.
Takoi aapec UCIoNIb3yeTes Al B3aMMOJICMCTBHS ITPOLIECCOB HA OJHOW M TOM XKe
MallliHe (HampuMmep, JJis LeJied TeCTUpOBaHUs). DTOT aJpec MMEEeT Ha3BaHUE
Bo3BpaTHoTO (loopback).

HUcnonb3oBanue macok B IP-aapecanun

TpanuunonHas cxema aeneHus [P-agpeca Ha HoMep CeTH U HOMED y3J1a OCHOBAaHA
Ha MOHSATHUU KJIacca, KOTOPBIHA OMPENeNseTcs 3HAYCHUSMUA HECKOJIBKUX MEPBBIX OWT
anapeca. MmenHno moromy, 4to mepBbId OalT ampeca 185.23.44.206 momamaeTr B
nuranazoH 128-191, Mbl MoXkeM ckas3aTh, YTO 3TOT aAPEC OTHOCUTCA K Kiaccy B, a
3HAYUT, HOMEPOM CETH SIBJIAIOTCS MEpBbIC ABa OaiiTa, TOMOJIHEHHbIE IBYMsSI HYJIEBBIMU
oaiitamu — 185.23.0.0, a HomepowM y3na — 0.0.44.206.

A 4TO eciu MCHOJIb30BaTh KaKOW-TUOO JAPYroil Mpu3HaK, ¢ MOMOIIbIO KOTOPOTO
MOXHO ObLIO Obl OOJiee TMOKO YCTaHABIMBATH TI'PAHUIY MEXIY HOMEPOM CETU U
HOMEpoM Yy3ma? B kadecTBe Takoro ImpH3HAKa CeMYac MOJYyYWIA LIMPOKOE
pacnpoCcTpaHeHne MAacKh. Macka — 3TO 4MCII0, KOTOpOE UCIOIb3yeTcs B mape ¢ [P-
aZpecoM; JBOWYHAs 3alUCh MACKHU COJEPKUT €AMHUIBI B TEX pa3pslax, KOTOPhIE
nomkHbl B [P-agpece unTepnpeTupoBaThCsi Kak HoMep ceTu. [1ockonbKy HOMEp ceTn
ABJISIETCA LIEJIbHOW YacCThIO aJipeca, €IUHUIIbI B MAaCKe TAKXKE JOJIKHBI MPEICTaBIATh
HETPEPBIBHYIO MOCIE0BATEIbHOCTD.

JInst cTaHJapTHBIX KIACCOB CETE MACKU UMEIOT CIEAYIOIUE 3HaUeHUs (CM. puC.
3):

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

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

kiracc C—11111111.11111111.11111111.00000000 (255.255.255.0).

Cxema pazgenenust [P-anpeca Ha HOMEp ceTM M HOMEpP y37a, OCHOBAaHHas Ha
NOHATUHU KJIacca ajpeca, SBISIETCS JOCTATOYHO IpyOoH, MOCKOIBKY MpeArnoaraeT
Bcero 3 BapuanTa (kiaccel A, B u C) pacmpegencHus pa3psgoB ajpeca IO
COOTBETCTBYIOIIME HOMEPA.

PaccmoTpum st nmpumepa Cleayonyro cCuTyanuo. JomycTuM, 4To HEKOTOpast
KOMIMaHus, moAKIrovaroniascs k Marepuer, pacnosnaraer Bcero 10-10 KOMIbIOTEPaMHU.
[TocKOJIbKY MUHUMAaJIbHBIMU 110 BO3MOKHOMY UHCITy y3JI0B ABJSIOTCS ceTh Kiacca C,
TO 3Ta KOMITAHHS JOJDKHA Oblla OBl MOJYYUTh OT OpraHu3alliy, 3aHUMAIOIIEHCs
pacnpenenenueM [P-anpecoB, muanazon B 254 anpeca (oany cetb kiacca C).
Heyno0GcTBO Takoro moaxoaa oueBUIHO: 244 anpeca OCTaHyTCsl HEUCIIOIb30BaHHBIMU,
MOCKOJIbKY HE€ MOTYT OBbITh pacrpeieieHbl KOMIbIOTEPaM APYrUX OpraHu3aluu,
PaCIOJIOKEHHBIX B APYTUX (PU3NUECKHUX ceTaX. B ciydae ke, ecnm paccMaTtpuBaemast
opranuzanus nMesnia 061 20 KOMITBIOTEPOB, PACIPEACIICHHBIX M0 ABYM (hr3nyeckum
CETSIM, TO €¥ JOJKEH ObLT OBl BBIZICIATHCS TUAMAa30H ABYX ceTell kiracca C (o oqHoMy
JUTS Kaskou pusmdeckoit cetr). [lpu 3ToM 4rciio «MepTBBIX» aAPECOB YABOUTCA.

CuaOxas kaxnaplii [P-agpec Mackoi, MOKHO OTKa3aThCsl OT MOHSITUN KJIACCOB
aJpecoB M ciaenath Oosiee TMOKOW cucTeMy ajpecanuu. Macka mojacetu — 310 4-
0aillToBOE 4YHUCIIO CIEUUATBLHOTO BHJIA, KOTOPOE HCIOJb3yeTcsl coBMecTHO ¢ [P-
aapecoM. «CneunuanbHbli BHI» MAaCKU TOJCETH 3aKJIIOYAETCAd B CIEAYIOLIEM:
JIBOWYHBIE pa3psibl MACKU, COOTBETCTBYIOLINE pa3psanam [P-anpeca, oTBeA€HHBIM MO



HOMEp CETH, COJIEPKAT €IMHUIIBL, a B pa3psiiaX, COOTBETCTBYIOIIUX pa3psigaM HOMEpa
y3J1a — HYJIH.

Hanpumep, ecnu paccMoTpeHHbIl Boile aapec 185.23.44.206 accoumupoBats C
Mackoi 255.255.255.0, To nomepom cetu Oyner 185.23.44.0, a ve 185.23.0.0, kak 310
OTMPEJIETICHO CUCTEMOM KIIACCOB.

Wnun, wampumep, macka 255.255.255.240 (11111111 11111111 11111111
11110000) mo3BossieT pa3douTh nuamna3oH B 254 IP-anpeca, oTHOCAIIUXCS K OJTHON CETH
kiacca C, Ha 14 quana3oHOB, KOTOPBIE MOTYT BBIIEIATHCS Pa3HBIM CETSIM.

B mackax KoJIMuecTBO €IMHHUI] B IOCJIEIOBATEIIBHOCTH, ONIPEAEISIONIECH TPpaHuIly
HOMEpA CETH, HE 0053aTEebHO JTIOJDKHO OBITh KPATHBIM §, YTOOBI MMOBTOPSITH JCICHHE
anapeca Ha Oaittel. [lycTh, Hanmpumep, s [P-aapeca 129.64.134.5 ykazana macka
255.255.128.0, TO ecTh B JBOUYHOM BHJIC:

IP-adpec 129.64.134.5 - 10000001. 01000000.10000110. 00000101

Macka 255.255.128.0- 11111111.11111111.10000000. 00000000

Knacc A
| W X | Y | Z
IEEEEEENENEEEEEEEENENEENNNEEEEN
21|20 2423 u}

EuThi Euthi
T HOMEDE CETH HOMEpE y3Na
Crapwmni BT ¢ PHKCHPOBEHHEIM I HEYEHHE M
Knacc B

W 1 X Y | Z
Lol TTTTTTIT TP T T T T
313020 Bt o 1615 [, 0

HOMEDE CETH HOMEpE y3na
Crapwue BuTel ¢ DHUKCHMPOEAHHEIM IHEYE HHE M
Knacc C
| w | X | Y Z
Lol TTTTTTT T TTIITTIIITTITTIT ]
e Buthl &7 Buthl
HOMEDE CETH HOMEpE y3na
Crapwwe BMTel © MECMPOBEHHEIM 3 HE YE HUE M
Knacec D
| w | X | Y | z
popfol PP TPl
=i 2827 u}
EuTri
agpeca rpynnel
Crapwue BMTh © HHUKCHPOBEHHEIM IHAYEHHE M

Knacc E
| w | X | Y | z
Ghlef TTPTT PP PP PP ETTT L]
21 27|26 u}

Crapwwe BUTE © DUECHPOEEHHEIM SHEYE HHUE M
Puc. 3. IBonunsie cxembl [P-agpecos kiaaccoB A, B, C,D u E

Ecnu urHopupoBaTh Macky, TO B COOTBETCTBHUU C CHUCTEMOM KJIACCOB aJIpec
129.64.134.5 otHOCcUTCA K Kiaccy B, a 3HaUUT, HOMEPOM CETH SIBJISIIOTCS TEPBbIC 2
Oaiita — 129.64.0.0, a Homepom y31a — 0.0.134.5.

Ecnu >xe ucnonb3oBaTh AJid ONpPeAeSCHUs TPaHUIBIl HOMEPA CETU MackKy, To 17
MOCJIEI0BaTEIbHBIX €IUHUIl B Macke, «HajlokeHHble» Ha I[P-agpec, ompenensior B
KaueCTBE HOMEpA CETU B IBOMYHOM BBIPAKEHHUH YUCIIO:

10000001. 01000000. 10000000. 00000000 wnu B mecaTuuHOM Hopme 3amucu —
HoMep cetu 129.64.128.0, a Homep y3na 0.0.6.5.



IHopsanoxk pacnpenesnenus IP-agpecos

Homepa cereil Ha3HauaroTCsi MO0 ILIEHTPAIM30BAHHO, €CIU CETh SBIIAETCS
yacTbio Internet, 1160 MpoOM3BOILHO, €CIM CeTh paboTaeT aBTOHOMHO. Homepa y3710B
Y B TOM U B IPYTOM CJIy4ae aAMUHUCTPATOP BOJIEH HA3HAYaTh [10 CBOEMY YCMOTPEHUIO,
HE BBIXOJIS, pa3yMeEeTCs, U3 Pa3pelIEHHOIO U1 ATOTO KJlacca CETH AUana3oHa.

B crampmaprax Internet omnpeneneHO HECKOJBKO —JMAIla30HOB  aJpPECOB,
PEKOMEHTyeMbIX ISl IOKAIbHOI'O MCIOJIb30BaHUSA. DTH ajpeca He 00pabdaThIBaIOTCS
MapupyTu3atopamu Internet Hu pu KakuX yclnoBUsAX. Azpeca, 3ape3epBUPOBAaHHBIE
JUTSI JIOKAJTbHBIX LieJiel, BRIOpaHbl U3 pa3HbIX KiIaccoB; B kiacce A —a3to cetb 10.0.0.0,
B Ki1acce B — aTo nuanaszon u3 16 Homepos cereit 172.16.0.0-172.31.0.0, B kinacce C —
9TO auana3oH u3 255 cereri — 192.168.0.0-192.168.255.0.

IP-mapmpyTu3anus

[P-mapmipyTu3amus — nmpouecc BpIOOpa myTH IJs nepenayn nakera B cetu. [loa
nyTeM (MapuIpyToM) MOHUMAETCS MOCIEI0BATEIbHOCTh MapUIPYTU3aTOPOB, Yepe3
KOTOpBIE MPOXOJAUT MAaKET MO MyTH K y3Jly-HazHaueHuro. [P-mapuipytusatop — 310
CHEIMaIbHOE  YCTPOMCTBO, NpeaHa3HAaYeHHOe i OOBEAMHEHUS CceTel u
oOecreunBaroliee OnpeaeiIeHue MyTH MPOXOXKJIEHUS MaKETOB B COCTABHOW CETH.
MapmpyTus3atop ITOKEH HMETh HECKOJIBKO [P-anpecoB ¢ Homepamu CceTeu,
COOTBETCTBYIOIIIMMHU HOMEpaM 00bEIMHAEMbIX ceTell (puc. 4).

2111 2114

= mElsl  281s2

\223.13 T

g9 4d4d B

Puc. 4. [Ipumep o0beannenus cereii ¢ nomomsbio IP-mapupyrusaropos.

MapuipyTuzanus OCyIECTBISAETCS Ha y3J1€-0TIPABUTEIIE B MOMEHT OTIIpaBKH [P-
MAKeTa, a 3aTeM Ha [P-mapuipyruszaropax.

[TpyHIMI MapIIpyTU3ALUU HA Y3JI€ OTIPABUTEINE BBINISIIAT JOCTATOYHO IIPOCTO.
Korna tpebyercss oTnpaBuTh makeT y3iay C omnpenesneHHbM [P-anpecoM, To y3en-
OTIIPaBUTEIIb BBIJICISET C TOMOIIBIO MACKU MOJCETH U3 coOcTBeHHOoro [P-anpeca u IP-



azpeca nojiyyaresnss Homepa cereil. Jlanee HoMepa ceTeld CpaBHUBAKOTCA U €CIIU OHU
COBIIAJIAIOT, TO IMAKET HAIPABIIAETCS HEMOCPEACTBEHHO IOIY4YaTelt0, B MPOTUBHOM
cly4yae — MapuIpyTHU3aToOpy, YEH agpec yKa3aH B HaCTpoiKax rnportoko:na IP.

BriOop myTu Ha mapuipyTU3aTOpe OCYILIECTBISETCS Ha OCHOBE MH(MOpMAaIuW,
IPEICTaBICHHON B Taliule MaplupyTtusauuu. Tadauua mapwpymuzayuu — 35TO
crienMayibHas Tabiuia, comocTamisitomias IP-agpecam cereit ajapeca CleayrOUIUx
MapuIpyTH3aTOPOB, HA KOTOPBIE CIECIYET OTIPABIIATH IMAKETHI C UEIBIO UX TI0CTABKH B
3T cetu. OO0s3aTenbHON 3amuCchi0 B TAOIUIlE MapHIPYTHU3AMUKA SIBISETCS Tak
HA3bIBAEMBIA MapUIPyT MO YMOJYAHUIO, COJAEpXKAIMK WHOOPMAIMI0 O TOM, Kak
HAIPaBJIATh MAKETHI B CETH, aJpeca KOTOPHIX HE MPUCYTCTBYIOT B TaOJIHUIIE, TTOITOMY
HET HEOOXOJMMOCTH OMHUCHIBATH B TAOJMIIE MAapUIPYTHI JJisi Beex ceTeil. TaOmuirsl
MapuIpyTU3aLUHA MOTYT CTPOUTHCS «BPYUHYIO» A IMUHUCTPATOPOM HIIM AUHAMUYECKH,
Ha OCHOBE OoOMeHa WH(pOpMaIuen, KOTOPhIH OCYIIECTBISIOT MapIIPyTH3aTOPHI C
MTOMOIIIBIO CTIEIUATBHBIX MPOTOKOJIOB.

UtoObl Jiydllle MOHATH TAOJMIBI MapUIPyTH3aLUU PACCMOTPUM CHauyaja cam
MPOIIECC MAPLIPYTU3ALNH, U3YUUM ajpecaiuio [P u Toraa npucTynum K JeTaabHOMY
PacCCMOTPEHUIO TAOJIHII.

Ipsimasi mappyTH3anus

Ha puc. 5 noka3ana Hebomb1as cetb ¢ 3 koMmnbroTepamu — A, B u C. Kaxp1it u3
komnbioTepoB umeeT crek TCP/IP. Anantep Ethernet B xaxaoM u3 KOMIBIOTEPOB
uMeeT yHuKanbHbIN aapec Ethernet. [t kaxa0ro koMmploTepa aAMUHUCTPATOP CETH
BeIIeM aapec IP, kotopeiit cBszan ¢ uHTepdeiicom Ethernet, yctaHoBIEeHHBIM B
KOMIIBIOTEDPE.

Vien A V3en B Vi3en C

Puc. 5. OnqnocermenTHas ceTh IP

Korna A nepenaer [P-naketr komnbrotepy B, B 3aronoske nakera [P conepxxurcs
[P-anpec xommbioTepa A (aapec otmpasuteinsi) U aapec Ethernet kommnbiotepa A. B
3arojioBke [P comepxxutcs taxxke IP-ampec kommbrorepa B u ampec Ethernet
KOMIIbIOTEpA B.

Taoauma 2
Anpec Ornpasutens|[lonydarens
3aronoBok [P A B
3aronoBok Ethernet A B

B stom mpocrom mpumepe [P mouytum Huuero He A00aBISE€T K CEPBUCY,
obecnieunBaemoMy Ethernet. Ognako IP yBennunBaeT pacxoa CHUCTEMHBIX PECYPCOB
— TpeOyeTcst JOMOIHUTEIbHOE MPOLECCOPHOE BpeMsl M JOIMOJIHUTEIbHAs Iojioca
KaHaJja JiJIsl TeHepaluu, epeadn u pa30oopku 3aroioBkos IP.

Korma IP-monyne komnerorepa B nmpunumaer maket IP or kommberoTepa A, oH
nposepsieT [P-anpec mosydarenss (Ha HpeIMeT COOTBETCTBHSI CBOEMY ajpecy) U
nepefaeT JedTarpaMMy BhIIIEIEKAIIEMY YPOBHIO (€CIIH afpeca COBMAAIOT).



OOmen makeramu Mexay A u B ucnonbs3yer npsmyro Mapripytusanuio (direct
routing).

Henpsimasi MapmpyTusauust

Ha puc. 6 npeacrasnen Oosiee peabHbII TpuMep internet — CeTh COAEPKUT TPU
cetu Ethernet (tpu cetu IP), coenunennbix IP-mapuipytuszaropom (kommeiorep D).
Kaxxnas u3 cereit [P cogepxut no 4 KoMnproTepa U KaxAblid U3 3TUX KOMIIBIOTEPOB
umeeT cBou azapeca [P u Ethernet.

V3en E V3en F V3en G
1 1 1
3 Ethernet 2 (IP cets No20)
V3en A V3en B V3en C Mapuipyruszarop
V3en D
1 1 1
1 2
Ethernet 1 (IP cets Nel0)
V3en H V3en | Vi3enJ

Ethernet 3 (IP cets Ne30)

Puc. 6. Tpu noaceru IP B ogHoli ceTn

Ha Bcex xommbroTepax, 3a wuckimoueHueM D, ucmomwsdyercs crexk TCP/IP.
Kommerotep D sBisiercst [P-mapuipyTu3aTopoM — OH MOAKIOYEH KO BCEM 3 CETSAM M,
cienoBaTenbHo, uMeeT Tpu azapeca IP m 3 ampeca Ethernet. B kommbrotepe D
ucnonsiyetcs crek TCP/IP (ucnonbs3yeTcst Tpu ceTeBbIxX afantepa). B kommberorepe D
ucnonp3ytorcst 3 moaynst ARP u 3 npaiiepa Ethernet, Ho moayns [P mo-npexuemy
OJIVH.

AJIMUHUCTpATOp CETH MpHUCBauBaeT yHUKaIbHBIN HoMep (IP-anpec) kaxaomy u3
agantepoB Ethernet.

Korna komnerorep A nepenaet naket [P komnerorepy B, mponiecc He oTinyaercs
OT ONMCAHHOH BbIlIE NpsIMOM MapupyTu3zanuu. Jro0oil oOMeH makeramMu MexXIy
KOMITBIOTEpAMU OJHOM ceTh I[P OCyIIEeCTBIAETCA C HCIIOJIb30BAHUEM IIPAMOM
MapHIPYTH3ALHH.

[Ipn B3auMOIEWCTBMM KOMIBIOTEPOB D M A Takke HCIOIB3YyeTCs NIpsMas
MapLIpyTU3aLKsl, AHAJOTMYHO IIPOTEKACT U IPOLECC B3aUMOACHCTBUS MEXKIY
komnbrorepamu D u E, D u H (kaxxnast u3 3Tux nap Haxoaurtcs B onHou cetu [P).

OnHako npu oOMEHEe MaKeTaMH MEXIY KOMIBIOTEPOM A, pacloiokKEeHHBIM IO
OJIHYy CTOPOHY MAapLIPyTU3aTOpa, U KOMIIBIOTEPOM, PACIIOIOKEHHBIM II0 JIPYTYIO
cTopoHy MapuipyTtuzatopa IP, mpsimas mapmpytusanus yxe He OyneT padboTaTh.
Kommnerotep A 10MKEH UCHOJb30BaTh MapuipyTuzarop D nns nepecbliku naketos [P
B npyryto [P-cets. Takoii mporecc Ha3pIBaeTCs HENpsAMOM Mapiipytu3auuei (indirect
routing).



Mapmpyruzanus naketoB IP ocymectBisercs IP-monynamu n npospadna st
TCP, UDP u ceTeBbIX NPHUIOKEHHU.

Ecmun A mepepaetr maketr [P komnbrotepy E, B KauecTBe agpecOB OTIPABUTEIIS
ykazanbl ajgpeca [P u Ethernet kommnbrotepa A. IlonydaTtenem makeroB IP sBusieTcs
koMIibroTEp E 1 ero aapec IP yka3pIBaeTCs B 3aroJioBKE IaKeTa, HO, OCKOIbKY IP-
MOJIyJIb KOMIIBIOTEpa A TMOCBUIAET MaKeT MapupyTtuzatopy D 1mg nanbHenien

nepecbuIky, B kauecTBe Ethernet-agpeca momyuatens ykasbiBaetcs aapec D.

Taoauna 2
Anpec OTnpaBuTeNnb ITonyuarens
3aronoBok [P A E
3arosioBok Ethernet A D

Monyne IP komneroTepa D mosywaer mnaker IP u mposepsier IP-amgpec
MOJTy4daTessi, MOCJEe YeTo MOXKET CKazaTh: «DTO HE MOM afipecy — U nepeciath naxker [P

KoMITbtoTepY E, HCTIob3ys psMyro MapIIpyTH3ALHUIO.

Anpec OTtnpaBuTeib [TonmyuaTtens
3arosyioBok [P A E
3aronoBok Ethernet D E

[TpuBeneHHBIH BbIlIE IPUMEP MOKA3BIBAET, KAK aJMUHUCTPATOP MOXKET pa3OUTh
oonpiryto ceth Ethernet Ha HeckonbKO ceTed NIl CHMKEHUsI pa3MepoB oOusacTei
pacnpocTpaHeHus IUpoKoBelareasHoro Tpaduka Ethernet.

Taoauna IP-mapmpyrusanuu

Kak momynp IP y3HaeT, kakoi H3 ceTeBbIX MHTEP(EHCOB HCIOJIB30BATH IS
nepenaun nakera IP? Mogyns IP mpocmaTtpuBaer Talauily MapuipyTH3aLUH,
WCIOJIb3YSl B KAUECTBE KIIKOUEH MTOMCKA HOMEpA CETeH, ornpeesieHHbie u3 [P-aapecos
IIOJTyYaTeen.

Tabnuna MapuIpyTH3aUuU COAEPKUT MO OJHOM CTPOKE IS Ka)KA0ro MapIipyTa.
[lepBas konmoHKa TabaWIBI yKa3biBaeT HoMep ceT [P, Bropas — dmar direct/indirect
(npamasi/Henpsimasi Mapuipytuzauus), Tperba — [P-agpec Mapmpyrtuzaropa u
nocjeaHsss — HoMep ceTeBoro uHTepdeiica. [lo 3Toil Tabiuile MOXKHO ONMpPEACTUTh
uHTepdeiic, yepe3 KOTOPbIN CleayeT nepeaBaTh NakeThl ¢ KaXabIM U3 ajapecos [P.

Ha  OonbIIMHCTBE  KOMIBIOTEPOB  TaONMIly  MapLIPyTH3alUU  MOKHO
IPOCMATPUBATh U MEHSTh C TMOMONIbIO KOMaHIbl route. CopepxkumMoe TaOIUIIbI
MapLIPYTH3aLHUM 33JaeTCs aJIMHUHUCTPATOPOM CETH, ITOCKOJIBKY OH OTBEYaeT 3a
pacupenenenue aapecos [P mexny komnerorepamu.

Jeranu npsiMoil MapIIpyTH3allUH
Tabnuia MappyTu3aluu J1jis KoMnboTepa A OyJeT UMeTh BUJL:

Taoauna 4
Cetb @dar MapIIpPyTU3aTOP Howmep
direct/indirect uHrepdeiica
10 direct |




[TomyunTs 3Ty Tabnuiy Ha 3kpaHe B OonbpiinmHcTBe UNIX-crcteM MOXHO C
noMoIpo komManabl netstat -r. Jlnsg Windows cucreM ¢ MOMOIIbI0O KOMaHJIbI route
print. B mpocToii cetu TabIMIbI MapHIpyTH3allMM Ha BCEX KOMIIbIOTEpax OyayT
UJICHTUYHBI.

Cyenapuii npamou mapupymusayuu

A mnepenaer naker I[P xomnerorepy B. Ilaker IP naxomutrcs B mMoayne IP
KoMIIbloTepa A U B HeM ykazaH [P-anpec nonyuarens — B wim cooTBeTcTByronmui [P-
aapec. Monyns IP Beimenser cereByro yacth aapeca IP (10 cets) u nmpocmarpuBaet
NEPBYIO KOJIOHKY TaOJUIbl MapUIpyTH3alMU B MOUCKAaX HYKHOH 3amucu. B Hamem
CJIy4ae 9Ta 3aIuCh ABJISIETCSA €AUHCTBEHHOMU.

OcTanbHble KOJOHKM 3TOM 3alMCH MOKAa3bIBAIOT, YTO KOMIIBIOTEPHI 3TOM CETH
JIOCTYITHBI C UCIIOJIb30BAHUEM TIPSIMOM MapIpyTu3anuu yepe3 uarepdeiic 1. Tabnuma
ARP no3Bosisier onpenenuts anapec Ethernet mist kommbroTepa B u maket nepemaercs
TOMY KOMITbIOTEPY uepe3 uHtepdeiic 1.

Ecnu npunokeHue neiTaercs Iepenarb JaHHblE IO apyromy azapecy IP, nHe
Bxoadamemy B 10 cetb, Monyns I[P He cMOXeT HalTH COOTBETCTBYIOIIEH 3aIMCH B
Tabnuie Mapupytusanuu. B Takom cimydae moayib [P mpocto oTrOpackiBaeT nakersl,
a MPUJIOKEHHE ToTy4aeT coodienrue o6 ommbke Tuna Network not reachable (cetb
HEJIOCTYTIHA).

Jerann HenpsAMOi MapUIPyTHU3ALUHN
Bepaemcs k 6omee Clo)HOMY TPUMEPY MapIIpyTU3AIHH.
Tabnuia MapipyTu3aluu B KoMibtorepe alpha 6yaer uMeTh BU/I:

Tabumnna 5
Cetb Onar Mapupytuszarop | Homep
direct/indirect uHrepdeiica
10 direct 1
20 indirect D 1
30 indirect D 1

B xauecTBe agpeca MapiipyTuzaTopa B Tabnile MapuIpyTH3aUN KOMITbIoTEpa A
ykazas [P-anpec uatepdeiica D, mogkmouennoro k 10 cern.

Cyenaputi HenpsAMOU Mapuipymusayuu

A nepenaer mnaker IP kommnberorepy E. Ilaker IP Haxomutrcs B moayne I[P
KoMIIbloTepa A U coaepxut [P-agpec nonyuarens E. Moayns [P BeigensieT ceTeByro
gacTh aapeca [P (20) u mpocMaTpuBaeT NEPBYIO KOJOHKY TaOJIMUIBI MAPIIPYTU3AIINH B
MOMCKax cOOTBETCTBUs. VIckomas 3anuch HAXOAUTCSI BO BTOPOM CTPOKE TaOJIUILIBI.

OTa 3amuch IOKa3bIBAET, YTO JNOCTyIl K KommbroTtepam 20 CeTH  MOXKET
ocymecTBisATeea 4epe3 [P-mapmpyruzatop D. Monpynes IP B kommbroTepe A
BBITIOJIHSET TPAHCISAIUIO aapecoB ¢ moMmormibio Tabmuisl ARP  nmns IP-agpeca
Mapupytuszaropa D u nwter naker I[P stomy mapmpyrusaropy uepe3 CBOM CETEBOU
unrepdeiic 1. [Taker [P mo-npexueMy B kKauecTBE ajpeca MoydaTessi COACPIKUT apec
E.

[Taker [P mpuxomuT Ha ceTeBoil mHTepdelic kommbiorepa D u mepemaercs
moayJiro IP. Moayns mpoBepsieT aapec moJiydaresiss U, HE Halds COBIAJICHUS HU C
OJIHUM U3 CBOMX MHTEp(ENCOB, peliaet nepeciars nakert [P.



Monyns [P B koMmnbroTepe D BbIiesieT ceTeByto yacTh aapeca nonayyarens (20)
¥ TIPOCMATPUBAET CBOKO TAOJHITy MapIIpyTH3AIUH:

Tabumnna 6
Cetb @dar MapIIpyTU3aTOP Howmep
direct/indirect uHrepdeiica
10 direct 1
20 direct 3
30 direct 2

HysxHas 3anuch HaxoAUTCS BO BTOPOi cTpoke Tabmuisl. Moayns [P nepecbuiaer
naket [P kommneiotepy E nHanpsimyto yepes untepdetic 3. Ilaker conepxur anpeca [P
u Ethernet kommnbrorepa E.

[Taker IP mpuxomut B kommbetorep E u mepemaercs monayinwo IP, koTopeii
nposepseT [P-aapec u, HalAsS COOTBETCTBUE CO CBOUM AJIPECOM, MEPEIAET MAKET Ha
BBIIIEJIEKAIIUNA YPOBEHb.

[Ipu mepenaye naketoB I[P yepe3 OoNbIIyI0 CETh OHM MOTYT MPOUTH Uepes3
MHO>KECTBO MapIIpyTHU3aTOPOB Ha MYTH K nojyyaTtento. [IyTh makera He MOXKET ObITh
3aJlaH OTIIPaBUTEIEM U OMPENESETCS BCSIKUNM pa3 MyTeM MPOCMOTpPa TaOJIHII
MapuIpyTU3alud BJOJb NYyTH JOCTaBKM TmakeTa. Kaxapli M3 KOMIIBIOTEPOB
(MapIIpyTHU3aTOPOB) 33JAET TOJIBKO apeEC CIEAYIOIIEro MapiipyTu3aropa (next hop),
KOTOPOMY IAKET NEPEAACTCS A1 JATbHEUIIEH TTePECHUIKU.

[Tognepkka KOPPEKTHBIX TaOJUI] MapIIpyTH3allMd Ha BCEX KOMIIBIOTEpaX
OOJNBINION CETHU SABJIACTCS CIIOKHOW 3aJaueld, TMOCKOJIbKY KOHQUTYypalus CeTu
MOCTOSIHHO M3MEHSETCS aJMUHUCTPATOPaMHU C Y4E€TOM TpPeOOBaHMIl MOJIb30BATEIEH.
Ommbku B TabIMLax MapuIpyTU3aUX MOTYT MOJHOCThIO HAPYLIUTH pabOTy CETH, a
IMIOUCK TAKUX OIIHOOK ABJIAETCS JOCTATOYHO CI0KHOMU 3aIauei.

CoxpaHeHHe MPOCTOTHI B CETEBOM KOH(MUIypalMd UTPaeT BAXKHYIO POJIb MPH
CO3/IaHUM HaJIexKHOM ceTu. Hanmpumep, Hanbosee mpocThiM criocoOoM (HO He Haubosiee
onTUMalbHbIM) pacnpenenenus [P-anpecos mis cereil Ethernet siBisieTcst Bolaenenue
eauHoro Homepa cetu IP nis Beeit cetu Ethernet.

Jns HeOonmpIIMX  ceTel  Tabiuubl  MapHIpyTH3alUU CO34ar0TCs
aIMUHUCTPATOpaMH BPYYHYIO Ha KaxjJoM KommbloTepe. [lns Oonbmiux ceren
UCIIOJIB3YIOTCSl  CIICIIMAJIbHBIE TMPOTOKOJBI  MapIIpyTHU3aluu, 00eCIeurnBaroIine
pacrnpocTpaHeHre TabJIuIl MapIIPYTU3ALHMH 110 CETH.

[Ipn HacTpoWKe MapUIpyTU3AMU MOTYT OKa3aTh MOMOIIb HEKOTOPBIE CETEBBIC
npotokoisl U npuwioxkeHus. [Iporokon ICMP (Internet Control Message Protocol)
MO3BOJISIET HaXOIUTh Mpo0OsieMbl B MapuipyTu3auuu. Hanbonee yacto ucnosiabzyemble
KOMaH/Ibl TaHHOT'O ITPOTOKOJIA!

1. Ping — yTunuTa nns mpoBepkH coenuHeHuid B cersx Ha ocHoBe TCP/IP, a

TaK)Xe€ 00MXOJHOE€ HAMMEHOBAHKUE CAMOI0 3aIpoca.

2. Traceroute — 3T0 ciy>)keOHasi KOMIIBIOTEpPHAsI MporpamMma, MpeaHa3HaueHHas
JUTSL OTIpEICNICHUST MapIIpyTOB clieoBaHus AaHHBIX B ceTsix TCP/IP. B
cucrteMax Microsoft Windows »Ta mporpamma HOCUT Ha3BaHHe tracert, a B
cucremax GNU/Linux, Cisco IOS u Mac OS — traceroute.



[Tpumep Ping B komanHoM cTpoke Windows:

C:\>ping www.ru
0bmeH nakeTamu C www.ru [194.87.0.50] no 32 bBamT:

OTeer or 194.87.0.50: uymucno bamt=32 Bpema=19uc TTL=56
OTeer or 194.87.0.50: uymcno Bbamt=32 Bpema=19uc TTL=56
OTeeT oT 194.87.0.50: uyucno bant=32 Bpema=19uc TTL=56
OTEeT oT 194.87.0.50: uyucno bamt=32 Bpema=19uc TTL=56

CTaTucTvra Ping ana 194.87.0.50:

Naketoe: otnpaeneHe = 4, nonyderno = 4, norvepavo = 0 (0% norTepb),
MpubnusnTensHoe BpeMma nNpueMa-nepefaym B MC:

MuHUManeHoe = 19ucek, MakcumanbHoe = 19 mcek, CpeaHee = 19 mcek

o\

[Tpumep Tracert B komanaHoit ctpoke Windows:

TpaccupoBKa MapuwpyTta K www.ru [194.87.0.50]
C MAaKCWUManbHbiM YUCNOM npbxkoe 30:

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

1 <1 MC <1 mMC <1 mc 192.168.254.254

2 1 ms 1 ms 1 ms 31.28.48.1

3 1 ms 2 ms 1 ms br-l.tlt.aist.net.ru [81.28.160.15]

4 3 ms 9 ms 3 ms small.tli23.transtelecom.net [217.150.37.58]
5

4]

TpacCcWpoBKa 3aBepleHa.

IIpu mepenoce kommbrorepa u3 omHou [P-cetm B napyryro, [P-agpec storo
KOMITbIOTEPA JTOJPKEH OBITh U3MEHEH.
Wrak, 3anucu TabIuIlbl MapIIpyTOB TOYHO OTPEICTISIOT:

— MecTto Ha3HaueHwus (CeTeBOM ajpec/mMacka CeTu).
— Kaxkoli mapuipytuzatop (IUIH03) MCHOJIB30BATh ISl MOCBUIKM MaKETOB K
MECTy Ha3HAYECHUSI.
— Kakoii wuHTepdeiic MCHOab30BaTh MJsi MOCBUIKM TaKEeTOB K MECTY
Ha3HAYECHUSI.
Komanna noGaBrieHus 3anucy B TaOJIUIy MapIIpyTH3AIUNA UMEET BU/I;

route ADD cemeegoii_adpec MASK cemesasn_macka w3

Ha cnenyromiem puc. 7 npuBeaeH npumMep TaOIUIBI MapHIPyTOB KOMIIbIOTEPA,
KOTI'JIa OH MOJIKJIFOUEH TOJIBKO K OJJHOMY MapUIpyTH3aTOpYy.



CNUCOK WMHTepheicos

(5 Ly eSS ——— MS TCP Loopback interface

OX2' .00 1F 16 16 db 7T . v Realtek RTL8139/810x Family Fast Ethernet NIC
[FuswswEE SEIP3WENTsWBP APBXEWT

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

SWAKEE ABP3WEKNT*WHP APBXEWT

AKTWUEHBIE MapLWpyThi:

CeTeBOW aapec Macka ceTwu Adpec wnwza WHTepdeic 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
192.168.254.243 255.255.255.255 122.90..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 i S
OCHOBHOW W03 : 192.168.254.254

MOCTOAHHLIE MAPWPYThI:
OTCyTCTBYeET

Puc. 7. [Ipumep TaGJIuubI MAPIIPYTU3ALHU

B nmpumepe BbI MOkeTe YBUACTH 3amKCh 0 3 nHTEpderncax:
1. Loopback — 3ambikanne Ha ce0s (maTepdeiic ¢ IP anpecom 127.0.0.1).
Realtek RTL8139/810x Family Fast Ethernet NIC — cereBoii agantep Fast
Ethernet (uaTepdetic ¢ IP anpecom 192.168.254.243).
3. Atheros AR928X Wireless Network Adapter — ceTeBoit agantep 6ecripoBoOIHOM
cetu WiFi (uarepdetic ¢ IP angpecom 192.168.254.241).
Tabnuiia MapuIpyTU3alKK 10 CTOJIOIAM CONEPHKUT:
— aJpec CeTH WU Yy3Ja Ha3HA4YCHHWsA, JTUOO yKa3aHWe, YTO MapIIpyT SBIACTCS
MapIIpyTOM IO YMOJTYAHHUIO;
— Macky cetu Ha3HaueHus (s [Pv4-cereit macka /32 (255.255.255.255) no3Bossier
yKa3aTh €AMHUYHBIA y3€J1 CeTH);
— IUTI03, 0003HAYAIONINHA aipeC MapIIPyTU3aTOpa B CETH, HA KOTOPHIH HEOOXOIUMO
OTIIPaBUTH MAKET, CIACAYIONINH 10 YKa3aHHOTO aJpeca Ha3HAYCHUS;
— uHTepdeic (B 3aBUCHMOCTH OT CHUCTEMBI 3TO MOXKET OBITh MOPSAKOBBIA HOMED,
GUID uiu cuMBOJIBHOE UMS YCTPOICTBA);
— METPHUKY — YHCIIOBOW IMOKa3aTeib, 3aJAI0IIUNA MPEANOYTUTENBHOCTh MapIIpyTa.
UeMm MeHBIIE 4YHUCIIO, TeM OoJee MPEANOYTUTEIICH MapmpyT (HHTYUTHBHO
NIPEJICTABIISIETCS] KaK PacCTOSHHE).

Hampumep, 5 1 6 3anuch roBOpsIT, 4TO €CJIM HAM HAJI0 MOCJIATh MAKET MO aipecy
or 192.168.254.240-255, TO ero HaAO0 OTIPABUTH 4YEpPE3 CETEBYIO KapTy C
untepdeiicom 192.168.254.243 unmu 192.168.254.241. Tlome MeTrpuka MpuU HTOM
yKa3blBa€T CTOMMOCTh MapmipyTta. MapmpyT ¢ MEHBIIUM YHUCIOM METPUKH
(Metpuka=10, Hurepdeiic 192.168.254.241) Oyner sBISATbCS NEPBUYHBIM, a C
oonsmm (Metpuka=20, UuaTepdetic 192.168.254.243) pe3epBHBIM.

[To cormamenuto o0 IP-ampecax, xorma MaHHBIE TMOCBUIAIOTCS IO aJpecy C
nepBeIM OaiiToMm paBHbIM 127, Hampumep, 127.0.0.1, To oOpaszyercs Kak Obl «IETIN.



JlaHHBIE HE TEpEeNaroTCs MO CETH, a BO3BPALIAIOTCS MOIYJISIM BEPXHETO YpPOBHSA
npotokosia TCP/IP kak Tonbko uTo mpunsThie. [losTomy B IP-cetn 3ampermaetcs
npucBauBaTth MammHaM [P-agpeca, HaumHaromecss co 127. TpeTbss 3amuch
MIPONMUCHIBAET JAHHOE MTPABUIIO.

ConepxarenbHol 3anuchlo siBisiercs nepsas. [P-agpec 0.0.0.0 ¢ mackoi 0.0.0.0
o3Hauaet moboi [P-anpec Be3ne. O1o HaszwiBaeTcsa Illno3 mo ymomuanuto (default
gateway). 11103 1O yMOJYAHUIO SBIIAETCS IOCJIEIHUM MAapLIpyTOM, €CIH
WCITOJIb30BAHUE JPYIUX MaplIpyTOB HE MPHUBEIO K yCHexy. OTOT LIII03 SBISAETCA
npobsieMoil B MYJBTUCEIMEHTHOM CETH TMOAKIIOYEHHOM 4epe3 HECKOJIbKO
uHTep(dericoB. DTO O3HAYAET, YTO €CIM Mbl HE MMEEM CTATUYECKUX MAapIIPyTOB
(MomOOHBIX IPYTUM 3alUCAM) A0 MECTa Ha3HA4YEHUs, TO MbI MOCHIJIA€M TMAaKeThl Ha
[IUTI03 TI0 YMOJITYAHHUIO, KOTOPBIA gocturaercss depe3 mHTepdeiic 192.168.254.241

(WiFi aganitep).

Hpyrue 3anucu:

— 127.0.0.0 (localhost) — wuHTepdelic 0OpaTHOW MNETAM WM BHYTPEHHH
untepdeiic [P-ctexka. DT1oT HHTEpPEC MOCTUAKUM TOJBKO C JOKAJIbHOU
MaII1HBbI.

— 192.168.254.255 — WUpOKOBEIIATENbHBIA  aApec Mg  PACCHUIKH

HIMPOKOBEIIATEIbHBIX [TAKETOB 110 HAIEH CETH.

— 224.0.0.0 — muMpoKOBemIATENbHBIN aapec W Ha Ballly CE€Thb, U Ha CETh
nposaiiziepa. Pe3ynbTraroM IEUCTBUS ABYX 3allMCEH C CETEBBIM AJPECOM
224.0.0.0 Oyaer mupoKoBelIaTeNbHAs PACChUIKA MAKETOB MO Ballled CEeTH U
CETH ITpoBauepa.

— 255.255.255.255 — rno6anbHBIN MUPOKOBEIIATEIBHBIN aapec.

IIpuMep BbINoOTHEHNS JIa00PATOPHOM PAdOTHI

3agaHue Ha NPOEKTHPOBAHUE CETU
KonuuecTBo 3Taxei B KomuectBo OBM Ha staxe
3/1aHUU
3aJlaHHOe B JJabopaTopHOit paboTe No2

Pacuér agpecos B noaceTax Kamnyca

Jlst pacuéra BBITIOTHUM JIEJICHUE CETH HA TOJCETH C 3aJIaHUEeM UM YCIOBHBIX
HOMEpOB (puc. §).



mojceTs 12

noaceTh 1

nojceThb 11

Ml

B Hamewm ciyyae He0OXOAMMO CO3/aTh 7 MOACETEN.

OJICETD 22
M4
/ noaceThb 21
M3
MOJCETH 3

Puc. 8. JlejieHune ceTn Ha moJceTH

Boimonaum pacucT HGO6XOI[I/IMOFO KOJIMYCCTBA aApCCOB IJIsI OTHUX HOI[CGTeﬁ

(Tabmuma 7).
Taéauua 7
Pacuer kosmuecTBa aapecoB HA NOJICETh
[Inpoxo- Koi-Bo
Koin-Bo Koin-Bo
Ne Kon-Bo BewiarenbHbie | Kon-Bo y3110B |apecoB B
pabounx MapIIpyT-
MIOJICETH . | cepBepoB ajzipeca W aapec| B MOJCETH | MOACETH
CTaHIIUH M3aTOpOB 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 [P agpecoB 11 JaHHBIX MOJICETEH

Macka nojaceru

JlnanazoH aapecoB JIsl MOACETH

255.255.255.252

192.168.0.0-192.168.0.3

255.255.255.252

192.168.0.4-192.168.0.7

255.255.255.252

192.168.0.8-192.168.0.11

255.255.255.224

192.168.0.32-192.168.0.63

Koin-Bo
Ne aJpecoB B
MTOJCETH| TIOJCETH
(=2")
1 4
) 4
3 4
11 32
12 64

255.255.255.192

192.168.0.64-192.168.0.127

Taoauma 8



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

BrimmonHuM pacnpeiesieHue aapecoB 110 y3J1aM MOACETEM.

Tabnauna 9
Tabnuna pacpeaeieHus: aapecon
Ne
MOJICETU HanmenoBanue y3na IP-anpec Macka [1111103 MO yMOJT4aHUIO
1 Anpec cetn 192.168.0.0
Mapupytusarop 1 192.168.0.1 255.255.255.252
MapuIpyTu3arop 2 192.168.0.2 255.255.255.252 192.168.0.1
[InpoxoBemaTeNbHbII 192.168.0.3
azpec
2 ? ? ? ?
? ? ? ?
? ? ? ?
? ? ? ?
3 ? ? ? ?
? ? ? ?
? 2 2 2
? ? ? ?
11 Anpec cetu 192.168.0.32
MapuipyTtuzarop 1 192.168.0.33  |255.255.255.224
K 1-15 192.168.0.34-48 |255.255.255.224 192.168.0.33
IIPUHT-CEPBEP 192.168.0.49  |255.255.255.224 192.168.0.33
daiin-cepsep 192.168.0.50  |255.255.255.224 192.168.0.33
SQL-cepsep 192.168.0.51  |255.255.255.224 192.168.0.33
TEpMUHAJI-CEPBEP 192.168.0.52  |255.255.255.224 192.168.0.33
[IInpokoBemareabHbIil 192.168.0.63
12 ? ? ? ?
? ? ? ?
? 2 2 2
? ? ? ?
? ? ? ?
? ? ? ?
? 2 ? 2
? ? ? ?
? ? ? ?

Pazpabotaem TabauIbl CTATUYECKOM MapUIPYTU3ALIMH JIJIs1 MapiipyTuzaTopa M1.

Tabauua 10
Mertpuka
Ne nozcern | Anpec cetu/macka WnTtepdeiic 1103 (KOIMHECTBO 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 ? ?2 ?2 ?2
21 ? ?2 ?2 2
22 ? ?2 ?2 ?2
IIr03 M0 ? 9 9 9
YMOIYaHUIO

Pazpabotaem xomaumHbli (aiim mms A00aBIEHUS CTAaTUYECKUX 3amucedl B
TabNuIly MapipyTuzauu. i 3Toro 6yaemM UCnoiab30BaTh KOMaHTy route.

Heobxoaumo nanee pa3paborarh ISl KaKJIOTO MapUIpyTH3aTopa KOMaHIHBIM
daiin s co3gaHusl CTaTUYECKOM TaOIUIbl MAPIIPYTU3ALIIH.

3ajaHne HA BBINOJHEHUE JJA00PATOPHOM PadoThI

Pa3paboTaTh TabMUIBI CTATUUECKOW MAapUIPYTHU3ALMK HA MaplIpyTHU3aTopax U
ornpenenuth cratndyeckue [P aapeca ¢ MackaMu B BBIUMCIIMTENBHOU CETU U BCEX
y3n0B CKC, pa3zpaborannoii B mabopartopHoii padote Nel.

B paboTe BBIMOTHUTH CIIETYIONTNE YCIOBUS:

l.

2
3.
4

SN

C‘—II/ITaTI), 4TO Ha KAKIAOM I3TAXKC CTOAT MAPIIPYTHU3ATOPLI.

. Ha cetp BbIIeneH Auana3on aapecoB Mutepnet knacca C — 192.168.0.0.

[Ipu HEeXBaTKe aapeCcOB UCIIOIB30BaTh pe3epBHbIN quana3zoH 192.168.1.0.
KonudecTBo ajnpecoB Ha MOJCETh C MOMOIIBI0 MAaCKH YMEHBIIAETCS [0
MUHHUMAJILHO BO3MOKHOTO 3HAYCHHUSI.

B ka)x70M cerMeHTe onpeAenuTh ILUTI03 0 YMOITYaHHIO.

JImst  KakIoro MapiipyTh3aTopa COCTaBUTh CTAaTHUYCCKHAE TaOJHUIIBI
MapIIpyTH3AINH.

TpeooBanus k opopMiIeHUIO 0TUYETA

B oruer nmo nabGopaTopHOil pabOTe BKIIOUUTH KPATKOE H3JI0KEHUE MOpsIKa
BBIMOJIHEHMsI J1a00paTOpHOM pabOThHl M BBIBOABI IO IOJYYEHHBIM peE3yJbTaTaM.
OTnpaBuTh OTUET HA INEKTPOHHBIN aapec a@tltsu.ru.

Kpurepun onenkmn:
- OIICHKA «3a4TEHO» BBICTABISETCA CTYACHTY, €clii 0ohopMiIeH OTUET 1o JabopaTopHOil padore;
- OIICHKA «HE 3a4TE€HO» BBICTABIIETCS CTYJAEHTY, €CIIM HET 0TuéTa 1o jJabopaTopHoii pabdore.



7.3. OueHovHble CpeaCTBa ISl MPOMEKYTOYHOH ATTECTAIIMM O MTOraM OCBOCHHS
AUCHUTLTHHBI

7.3.1. Bonnpochl K POMEKYTOYHOM aTTecTaluu

Cemectp 5
Ne n/mt Bonpockl k 3x3aMeny

1. [TosBnenue MuTepHET U ero Biusinue Ha ceTu. COCTaBHBIE CETH.

2. O6benuuénnsie cetn. CepBucel Web 2.0.

3. Bnusinue pa3BUTHS KOMIIBIOTEPHON TEXHUKHU M CETEN HA PA3BUTHE CPEIICTB
TEJIEKOMMYHUKALUH.

4, Nudopmanmonnoe npoctpancTBo. MHbOpManmonHoe 001ecTBo.

5. WcTopus passutus Beruucautenbiblx cucteM. RISC- u CISC-apxutekTypa.

6. ITorokoBslie u napamiensabie IBM. O6nayHbie BHIYUCICHUS U CEPBHCHI.

7. Kiaccudukanms BEIYUCIUTENBHBIX CUCTEM TTapayuienbHOM o0padboTku (SISD, SIMD,
MIMD, MISD).

8. Kongeiiepbl. Komi-nmamsite.

9. MyJIbTHIIPOLIECCOPHBIE CUCTEMBI O0IIIET0 Ha3HAYCHUSI.

10. Apxutrektypa MIMD-cucremsl c UMA, NUMA, ccNUMA. Muorosinepusie BC.

11. Tononorust KOMMYHUKallMOHHBIX CETEH MYJIbTHUIIPOLIECCOPHBIX CHUCTEM.

12. CoBpeMennsbie cyniepkomnbiorepsl 1 BC. [IpuMenenue ux B conuaibHOU chepe.

13. Ucropus pa3sutus TenekoMMmyHukamnuii. Knaccudukamus cucrtem
TEJIEKOMMYHUKALUH.

14. Tenedonnas cBa3b. Mctopuueckuii 0630p. CotoBas TeneoHwms.

15. CpencrBa HaBuranuu. CiyTHUKOBas M paguocBs3b. l[puMeHnenue 3Tux cpeacTs B

COBPEMEHHBIX KOMIIBIOTEPHBIX CETSAX U TEXHOJIOTHSX.
16. ITpotokonst HTTP u WWW. Beemupnas naytuna. Web-apXuTekTypa.

17. Haznauenne web-cepBepa n web-kimenra. [Ipumepsr peanu3anuid.

18. I'uneprexcroBseie s13b1ku U TexHogoruu (HTML u XML).

19. Co3naHue 1 pa3menieHne web-cTpaHuIibl.

20. 0630p WAN-texnonoruii. Knaccudukamus. CpaBHeHne TexHosoruii. Mcropus
pa3Butus. IlepcrieKTUBBL.

21. Mopaembl 1 KOMMYTaTOPBI TJIOO0ATBHBIX ceTeil. OOIacTh UX MPUMEHEHHS U QYHKITHAH.
CraHapTHBIE CXEMBI.

22. MapuipyTu3atopsl, U036 U OpanaMay3psbl. [Ipuanmns padboTel 1 GyHKIUH. CXEeMbI
COEJIMHEHUSI.

23. Commxenne LAN- u WAN-TeXHOIOTHIA.

24, [TepcrieKTHBBI pa3BUTHSI KOMIIBIOTEPHBIX CETEH M BHIYMCIUTEILHBIX CUCTEM.

25. [TpoBomHast u GecrIpOBOIHASI CBSI3b. 3aKphITasi M OTKPBITAs Cpe/a rnepeaavn TaHHbIX.
IIpeumyiecTBa U HegOCTaTKU. TexXHOIOrUH.

26. [{udpoBsie KaHAIBI CBA3M U MPUHIMIIEI X paboThl. KoMMyHHKAIIMOHHOE
obopynoBanue. [ludpossie cetn cBsizn. CXemMbl TOCTPOSHUS.

27. Ceresble OC u ux npotokoisl. Cteku mpoTokosoB pazHbix OC. [lepcnekTHBEI
pa3BUTHSL.

28. OC mobunpHBIX mathopm. O630p.

29. KommyHnukarmonHnoe obopynoBanue 6ecripoBoaabix WAN-cereid. TexHomoruu.

IlepcnieKTUBEI pa3BUTHS.

30. becnipoBognsie LAN (IEEE 802.11, 802.16). Texnonoruu. O6opynoBaHue.
IlepcnieKTUBEI pa3BUTHS.

31. OrnpeneneHne CeTEBbIX MapaMeTpOB KoMIbioTepa. JloMeHBI.




32. Cmyx6a DNS. TIporoxon DHCP.

33. Omnpenenenye NyTy A0 TOYKHU Ha3HaueHUsl. KoMMyTanus 1 MapiipyTu3anusl.

34, Mapmpyruzanust TCP/IP.

35. ITporokos RIP. Jlapunnas mapupyruzanus (OSPF).

36. [Iporokonsl BHemHel mapmpyruzanu BGP u EGP.

37. ["apaHTupoBaHHAas U HETapAaHTHPOBAHHAS JIOCTaBKa cooOuieHuit B IP-ceTsx.

38. ITporokosbl TCP-ypoBHsL.

39. CepBucel mnpukiagHoro ypoBHs. Cayx0a TenexkoHpepeHnid, (GOpymMbI MPSIMOTO
OOIIEHUS, UHTEPHET-TeNIC(OHHUS.

40. [IpoTokon gunamudeckoro pacnpenenenus agpeco DHCP.

41. IIporokos ynpasienus cetbto SNMP.

42. [Tognepxka  cayx0b1  HOBOcTer ~ NNTP, IRC-cmyx08l, IRQ-cnyx08I,
TeJEKOH(pEPEHITHIA.

43. WNuTtepuer-Tenedonus.

44, ITouckoBsie cuctemsl cetu MuaTeprer. Hactpoiika u paborta ¢ aumu. Web-noprai.

45. Pabota ¢ snextponnoii nmoutoit. IIporokonst UUCP, SMTP. Anpecanusi B mo4TOBBIX
cuctemax. Oco6ennoctu padoTsl B cetssx UNIX nu Windows.

46. [ToutoBbie cepBepbl W ux Hactpoiika. IIporpamma Sendmail. Komnonenr MAPIL
IIpoTokon POP3.

47. ®opmaTtsl moutoBoro cooduienus. RFC-822, MIME. OtmpaBka 31€eKTpOHHOTO TUChbMa
C BJIO)KCHHEM.

48. Pa6ora c mporokonom IMAP4. Cepsep IMAP u ero Bo3moxxkHoctu. bopbba co cnamom
U BUpYCaMH.

49. O630p mouroBeix kiaueHToB (MsfOutlook, The Bat! u ap.). I'pynmoBas paccpuika.
Bboprba co cmtamoMm 1 BUpycamu.

50. Omnenka yrpo3 6e3omacuoctu. [lomutuka Ge3omacHoCTH. 3amuTa CeTH. ANmapaTHbIe
CpeICTBa.

51. Cucremsl muppoBanus. KpunrocucTemsl.

52. ITpoTokonsl 6e3omacHocTu MIHTEpHETA.

53. CoBpeMEeHHBIE CPEICTBA WACHTH(UKAIINK W AyTeHTH(DHUKAITUN.

54. Texnonorus B-ISDN (ATM) — Ha3HaueHHe, JOCTOMHCTBA W HEAOCTATKH.
OO6opyIOBaHKE W CXEMBI.

55. Crannaptel ontuueckux cereid SONET-OC. O6opynoBanue u cxembl. JlocTonHCTBa U
HEJOCTaTKH.

56. CnyTHMKOBBIE TEXHOJIOTMH U KOCMHUYECKast CBsI3b CHCTEMBI Fe€0N03ULIMOHUPOBAHUS.

57. CBs13b ¢ ro0ansHbIMU TeneonapiMu cucteMamu. Ceth 3G.

58. Brinenennsie muann u texHojoruu XDSL. O6opynoBanue u cxemsl. [lepcrieKTUBEIL.

59. Opranu3anus B3aMMOICHCTBHS MPOBOJHBIX U OECIPOBOAHBIX CETEH M TEXHOJOTHIA.
Binsiaue coroBont cBsa3u Ha WLAN.

60. IlepcriekTHBBl pa3BUTHs TeleKOMMYyHHMKaui u cerei OBM. IlpumeHeHune stux
CPEJCTB B 3a7jauax COIMAIbHON cepshl.

61. Komnionents! cetu. OkoHeuHble ycTpoiicTBa. [IpoMekyToUHbIE CETEBBIE YCTPONUCTBA.
Cpena nepenauun. CereBblie 00603HaueHus. Cxembl Tonosiorun. [Ipencrasnenue u
(YHKIIMH KOMIIOHEHTOB CETH.

62. Ceru LAN u WAN. Tunsi ceteil. JlokanbHble cetu. ['moGanbHble CETH.

63. Certu UnTepHet, IHTpaHeT n DKCTpaHeT.

64. ITongxmrouenue k Mureprery. Texnonoruu nocryna B Murepner. [logkirouenue k
WuTtepuer ayis noma u Heboabimoro opuca. [Togkmouenue k MHTEpHET 1151
npennpusitiid. Packet Tracer.

65. MynbTUCEpBUCHBIE CETU. TpaUIIMOHHBIE OT/ICJIbHBIE CETH.




66. Hanéxnas cets. CereBas apxurektypa. OTKa30yCTONYHMBOCTh. MacmTabupyeMocCTh.
KauecTtBo 06cnmyxuBanus. be3omnacHoCTb.

67. Tennennuu paszputus ceteil. CoBmecTHas padbora uepe3 aTepHeT. Buaeocssss.
OO6navyHbple BEIYUCIICHHUS.

68. CeTeBrle TEXHOJIOTUH U1 JoMa. TEXHOJIOTHYECKHUE TEHIEHIIMY B TOMAIIIHUX CETIX.
Opranu3zanys ceTH 1o JIMHUAM IEKTPONUTaHUs. beclipoBOAHON MIMPOKOIOIOCHBIH
JOCTYIL.

69. CereBas apxutekrypa Cisco. CCNA.

70. Cisco IOS. Onepannonnsie cuctembl. Haznagenue OC.

7.3.2. Kputepuu ¥ HOPMbI OLIEHKH

®opma
NpOBe/IeHUs!
Cemectp . Kpurtepuu u HOpMbI OLIEHKH

MPOMeKYTOYHOM

aTTecTaluu
Dk3ameH (1o Crynent Habpan ot 85 mo 100
HAaKOIUTEIbHOMY «OTJIIMYHOY 0aJJI0B MO HAKOMIUTEIHLHOMY
pEUTHHTY) PEUTHHTY.

«XOopoHo»

Crygnent Habpan ot 70 mo 84
0aJuIOB 10 HAKOMUTEIHLHOMY
pEUTHHTY.

«KYHOOBJICTBOPUTECIIBHO»

Crynent Habpan ot 55 10 69
0aJJI0B MO HAKOMUTEIHLHOMY
PEUTHHTY.

«HEYJOBJIETBOPUTEIILHO»

Crynent HaOpan 54 uau MmeHee
0aJuI0B 10 HAKOMUTEIHLHOMY
pEUTHHTY.




8. YueOHO-MeTOAMYeCKOEe U MH(OPMAIIMOHHOE 00ecTieYeHre JUCHMIITTHHBI

8.1. O0s13aTesibHAA IUTEpPATYypa

Tun (yueOHuK, yueOHOE

KoanuyecTBO B
HAy4YHOH

Ne nocooue, y4eoHO-
ABTOpBI, COCTABUTEJIN 3arnaBue (3arojioBoK) I'ox n3nanus ounoaunorexe /
n/n MeTOoINYEeCKoe mocoomne,
OpPAKTHKYM, 1p.) HaumenoBanmue
IBC
1 | Tenraiikun E.A. [IpoexTupoBanue ceTeBoit VYuebHOe mocobue 2020 3BC
uH(ppacTpykTypbl. Opranuzarus, «JTanby»
MPUHIIUIIBI TIOCTPOSHUS U
(GyHKIIMOHUPOBAHMSI KOMITBIOTEPHBIX CETEH.
JlaboparopHbie pabOTHI
2 Hemunos JI.H. OCHOBBI 3KCITyaTallul KOMITbIOTEPHBIX Y4yeOHuK 2019 9BC
cerei «IPRBooks»
8.2. lonostHMTEIBHAS JIATEPATYPa
Tun (yueOHuK, yueOHOE KOHH%CTEO °
Ne nocooue, y4eoHO- Hay=nou
u/n ABTOpBI, COCTABUTEIH 3arsiiaBue (3aroJ10BoK) MeTOHUeCKoe TocoHe, I'ox u3panus ondamorexe /
IpaKTHKYM, Ap.) HaunmenoBanue
IBC
1 M.IO. Ceprees, KomnbrotepHsie cetu [IpakTukym 2019 9bC
T.W. Cepreesa, «IPRBooks»
C.A. OneltHukoBa
2 | Kosran H.M. KommbrorepHsie cetn YuebHoe nmocobue 2019 9BC
«IPRBooks»
3 | bepmun A.H. TenexkoMMyHHKAIIMOHHBIE CETH U YuebHoe nmocobue 2020 9BC
YCTPOMCTBA «IPRBooks»
4 | 3amka A.A. JlokanapHBIE CETH U UHTEPHET YuebHoe mocobue 2020 9BC

«[PRBooks»




8.3. Ilepeyenb mpodeccHOHATBHBIX 0a3 JAHHBIX W HH(OPMANHOHHBIX CIHPABOYHBIX
cucTeM
— @enepanbHblil mopran «Poccuiickoe odbpazosanue» http://edu.ru/

— OOpa3zoBanue u HayKa : )KypHail https://www.

edscience.ru/jour

— EDUTAINME - Oynymee o0pa3oBaHMs M TEXHOJIOTHMHM, KOTOpBIE €ro MEHSIOT
http://www.edutainme.ru/about/

8.4. [lepeyenb mporpaMMHOro odecrneyeHust

Ne Hanmenosamie IO PexBH3UTHI L[OFOB?pa
n/n (nara, HOMep, CPOK NeMCTBUA)
1 | Windows XP Horosop Ne 690 ot 19.05.2015r., cpox
NENHCTBUSI — OECCPOUHO
2 | Microsoft Office Standart Jorosop Ne 690 ot 19.05.2015r., cpok
nerictBus — 6eccpouno; loroop Ne 727 ot
20.07.2016r., cpok neicTBHsI — OECCPOYHO
3 Canonical Ltd Ubuntu Bepcus 14.04 JInnensust GNU GPL
4 | mpoekt Debian Debian GNU/Linux Jlnnensus GNU GPL
BepcHUs 8
5 | lpoekt Fedora Fedora Bepcus 23 JInuensuss GNU GPL

8.5. Onucanne MarepHaJbHO-TEXHHMYECKOM

00pa3oBaTeIbHOI0 MpoIecca 1Mo JUCIHUILINHE

0a3bl, HeOOXOAMMOM /ISl OCYILECTBJICHHUS

n/n

HaumeHnoBaHue 000py10BaHHBIX Y4eOHBIX
Ka0OMHETOB, JIa00pPaTOPHii, MACTEPCKHUX H
Ap. 00BbEKTOB /ISl POBEACHUSA
NMPAKTHYECKHUX U JIa0OPATOPHBIX 3aHATHH,
MOMeIEeHHU JIs1 CAMOCTOATEIbHOM
padoThl o0yyarommxcst (Homep ayIuTOPUM)

IlepeyeHb OCHOBHOIO 000OPY10BAHUSA

Aynutopust Be0-KOH(pEpeHIHiA.

VYueOHas ayguTOopus AJ1 TIPOBEICHUSI 3aHATHI
JCKIIMOHHOTO TUTA. YueOHasi ayAuTOpHsl s
MPOBEJICHUST 3aHATUM CEMUHAPCKOIr0 THIIA.
YyeOHass  aymuTopusi A KypCOBOTO
MPOCKTUPOBAHUS  (BBIMIOJHEHUS KYPCOBBIX
pabot). YueOHas aynuTopus AJisi POBEICHUS
TPYNIOBBIX u VHIUBUYyJIbHBIX
KOHCYJbTAllMi ~ YueOHas ayauTopus JUIs
MPOBEJICHUS 3aHIATHI TEKYIIErOo KOHTPOJIS U
npoMexyrouHoi arrectanuu. (YJIK-807)

DKpaH TEJICBU3HOHHBI,
IIPOXKEKTOP Ha IITaTUBE.
MPEero1aBaTeNIbCKUH, CTYJNbS
IIPEIo1aBaTeIbCKUE. , Tpancnapant-
NepeTsHKKA, CUCTEMHBIN OJIOK.

LIUPMBI,
CTOJI

KomneroTepnsiii  kiacc. I[lomemenue s
CaMOCTOSITENIHOM paboThI. VYuebHas
ayquTOpus I INPOBEIEHUS  3aHATHU
CEeMHMHAPCKOTo THIA. YueOHasi ayAuTOpus A
KypCOBOTO IPOEKTUPOBaHMS  (BBIMOIHEHUS
KYPCOBBIX pa0oT). YueOHas ayauTopus IS
IIPOBEJCHUS TPYNIOBBIX U WHIMBUAYAJIBHBIX
KOHCYNIbTAllMi. YueOHas ayauTopus MAis
IIPOBEJCHUS 3aHATUN TEKYIIEr0 KOHTPOJIA U
npoMexyTouHoi arrectaiuu. (I'-401)

CTOBI yYEHUYECKHUE, CTYIIbSl YYCHUYECKUE,
IIK ¢ BeixonoMm B cetb HTEpHET.
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