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1. CETU ETHERNET

1.1. Knaccuduxanus cereii Ethernet

HawnOoubliee pacnpocTpaHeHHE B JOMAIHUX W IPOMBIIUIEHHBIX CETAX Ha
CErOJHSIIHUN JeHb mnoiyuyuia TexHosnoruss Ethernet. Dta TexHomorus Oblia
pa3zpabotrana B 1970 1., a B 1980 1. Ha ee ocHoBe ObLT co3mad ctanmapT IEEE
802.3. /laHHasi TEXHOJIOTUS UMEET TP peanu3auuu: HenmocpeacTBeHHO Ethernet
(puc. 1.1), Fast Ethernet (puc. 1.2) u Gigabit Ethernet — co ckopoctsimu 10, 100 u
1000 Mo6ut B cekyHAy COOTBETCTBeHHO. Kaxkmas mocrienyromias peaau3aius

SBJISIETCS MOJISpHU3AIMEN MpeabIIyIeld U padoTaeT Ha OOJBIINX CKOPOCTSIX.

Ethernet (10 MouT/c)
KoakcuanabHblii kabesb Buras napa
(wuna) (36e30a)
/ \ 10BaseT
(0o 100 m)
ToJcTbii Tonkuii
10Base5 10Base2 il
Onruyeckoe BOJIOKHO
10BaseF
(0o 2 km)
Puc. 1.1. Ctpykrypa Ethernet 10 M6ut/c
Ethernet (100 M6uTt/c)
Buras napa OnrTuyeckoe BOJIOKHO
(36e30a) 100BaseFX
100BaseT
100BaseTX
100BaseT4
(0o 100 m)

Puc. 1.2. Crpykrypa Ethernet 100 Mout/c



Gigabit Ethernet npencraBnen crangaptom 1000BaseT co ckopocThio
nepenayu ganHbx 10 1000 M6ut/c (1 I'6ut/c) u anmuHoM oxHoro cermenta o 100
M. Jlnga mnoctpoenuss cereir Ha ocHoBe Gigabit Ethernet pomxHa OBITH
UCTIONIb30BaHa BUTas mapa (pasf. 1.4) He HIDKe 5-i KaTeropHHu.

1.2. O603Hauenue cranaaptToB cereii Ethernet

XBaseY,
rie X -  [OpoIycKHas criocoOHOCTh ceth (MOuT/c);
Y - MakcumanbHas JIJIMHA CETMEHTA (B COTHSIX METPOB),

unu T- twisted pair (BuTas napa),
win F-fiber optic (onTuyeckoe BOJIOKHO).
1.3. KoakcuaabHblii kadeJb
Koakcuanbnpiii kabenb (puc. 1.3) cocTOUT M3 MPOBOASAIICH MEIHON KUIIBI U
DKpaHa, pa3/IeICHHBIX M3OJHMPYIOMIUM CIIOEM W TIOMEIICHHBIX B 3allIMTHYIO
000m0uky. KoakcuaibHblil kKabenb JeIUTCS Ha TOJCThIM U TOHKHI B 3aBUCUMOCTHU

ot nuametpa [1]. Ha xonmax kabenst MoHTHpYyIoTCa pazbembl BNC.

npoBoaAlIas Krujia 3allluTHasA 000J10YKa

HU30JIMPYIOITUN CIION JKpaH

Puc. 1.3. KoakcuanbHbiii kKabeb
Cetp Ha 06a3e KoakcualibHOTO Kabenst crpoutcs no tunojoruu [HIMHA (paszn.
1.7). Jns coeguHeHUs] OTPE3KOB KOAKCHAIbHBIX Kabeyel wucnonb3yrorcs T-

KOHHEKTOPHI (puc. 1.4).

Puc. 1.4. T-koHHEKTOD
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Ha cBoOognbie koHIBI KoakcuanmbHOro kabenss OBSIA3ATEJIBHO
YCTaHABIMBAIOTCS TEPMUHATOPHI, TMPEIACTABISAIONIMEC COOOW TacHTENd CHUTHAlIa
conportusieHueM 50 Om.

1.4. Butas napa

Buras napa npezacrasisier co0oii 1Ba MPOBOJIa, MEPETUIETEHHBIX BMECTE, UTO
MO3BOJISIET CHU3UTH YPOBEHb IMOMEX Npu mnepenadye aaHHbix. KaGens Ethernet,
KOTOPBIN Ha3bIBACTCS KaOCNIhb «BUTAs Mapay, MPEACTABISIET OO0 YeThipe (pexke
JIB€) BUTHIC Mapbl B OJHOM oIUieTke. Butas mapa mMoxeT ObITh dKpaHUPOBAHHOMN
(o6o3nauaercst STP) m HeskpanmpoBanHoU (oO6o3Haugaetcss UTP). [[ns oGxuma

BUTOM Napbl UCHOJIb3YIOTCS KOHHEKTOPBI RJ-45 (puc. 1.5).

1 &

Puc. 1.5. Konnekrop RJ-45
1.5. IIpaBuia 00:kuMa BUTOM Napbl

CymiectByeT JBa croco0a ycTaHOBKM KOHHekTopa RJ-45 Ha kabene «Butas

napa» [1, 2]: EIA/TIA-568A (puc 1.6a) u EIA/TIA-568B (puc 1.60).

1 3eJ1eHO-0eJIblii 1 | opaH:keBo-0eblii
i 2 3eJ1eHblit 2 OpAaHIKeBBbIi

3 | opaH:KeBO-0eblii 3 3eJIeH0-0eJIblii
. E CHHMIi . E CHHMIi

5 CHHe-0eJIblil 5 CHHe-0eJIblii

6 OpaHKeBbIii I 6 3eJIeHbIi

7 | KopHYHEBO-0eJIblii 7 | KopUYHEBO-0eJIblii
. E KOpPHYHEBBIii . E KOpPUYHEBBI

a) EIA/TTIA-568A 0) EIA/TIA-568B

Puc. 1.6. BapuaHTsl 00>kriMa BUTOM Maphl



Kpome 3Toro, mpaBuia o0xuma Kabess 3aBUCAT OT TOTO, KAKUE YCTPOHCTBA
HEOOXOJMMO COCTMHUTH:

1) Komnbrotep — Hub

B »TomM cnydyae Ha NPOTHBOMOJOXKHBIX KOHIAX KaOENsl HCIOIb3YIOTCS
OJIMHaKOBbIEe criocoObl 00xuMa (puc. 1.7), nu6o EIA/TIA-568A u EIA/TIA-568A,
6o EIA/TIA-568B u EIA/TIA-568B.

Komnerorep Hub
1 1
[Tepenatuux > [TpuemHuk
2 2
3 3
IIpuemuuk < [TepenaTunk
6 6

Puc. 1.7. Coequnenune Komnerorep — Hub

2) Komnbiotep — Komnsiorep
B »TomM cnydae Ha MPOTHUBOMOJOXKHBIX KOHIAX KaOels HCIOIb3YIOTCS

pasnuuHbie crocoosl 00xkuma (puc. 1.8), T.e. u EIA/TIA-568A u EIA/TIA-568B, a

Ka0eJib Ha3bIBACTCS IEPEKPECTHHIM (KPOCCOBBIM).

Kommbrorep Kommnsrorep
1 1

IlepenaTunx IlepenaTunx
2 2
3 3

ITpueMHux ITpueMHuK
6 6

Puc. 1.8. Coequnenne Komnerorep — Komnerorep

1.6. OnTH4eckoe BOJTOKHO

OnTHyeckoe BOJOKHO SBISIETCS OoJiee JOPOTUM IO CPaBHEHHUIO C BUTOU
napoi U KOaKCHUaJbHBIM Kalesnem, a Takke TpeOyeT omnpeeIeHHOM KBau(uKauu
U HMHCTPYMEHTa JUisi ero MoHTaxa. [Ipoxons mo onTuueckomy Kkabento, CBET
MHOTOKpaTHO oTpaxaercs (puc. 1.9), mpu sTtom mortepu curHama Mmainsl. Kax

MpaBujI0, HCIHOJB3YCTCA B OINTHYCCKUX MAIUCTpAAX OJI1 TICpCaadn OOJIBIITNX
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00BEMOB JTaHHBIX HA AanbHHUE paccTosiHUA. [loaTOMY B OOJBIIMHCTBE CIIy4acB B
ONTOBOJIOKOHHOM CETH HMEET MECTO COEAMHEHUE «TOYKa-TOYKa», KOTrja II0
OINITOBOJIOKHY COEIUHSIOTCS JIMIIb JIBA YCTPOMCTBA, a JIajbllle JaHHBIE PACXOASITCS
K CBOMM ajzipecartam no Butoi nape (puc. 1.10). IlomoOHas Tonosorus, Takxke Kak

n 111 CCTH Ha OCHOBAHHUHU YHUCTO BUTOM ITapbl, HA3BIBACTCS «3BC30a».

k/

¥/

Puc. 1.9. OnTryeckoe BOJIOKHO
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\
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iy
O

Puc. 1.10. OnToBOJIOKOHHAsI MarucTpaib

1.7. Tonosaorum cerei
3Be3na
B mnactosmiee Bpems «3Besna» (puc. 1.11) sBiusercs Hambosiee YacTo
BCTPEYAIOIICICS TOMOJOTHEH I MAaCCOBOTO HEITPOMBIITUICHHOTO UCTIOJIb30BaHUS.

CBs3aHO 3TO B OCHOBHOM ¢ pacrnpocTtpanenreM Ethernet.



i [

Puc. 1.11. Tommonorunsa «3se3na»

KomnproTepsl COeIUHAIOTCS Yepe3 LEHTPaJbHOE YCTPOMCTBO — cepsep. [lpnm
BBIXOJIE M3 CTPOSl OJHOTO U3 KOMIIBIOTEPOB CETh MPOJOJIKAET padoTaTh, HO MPHU
BBIXO/IE U3 CTPOsI CEpBEpA CBA3b MEXIAY KOMIIBIOTEPAMHU IPONAAACT.

Hluna

Tomnonorus «mmua» (puc. 1.12) ucnons3yercst ang noctpoenus cerei Ether-
net 10Base5 u 10Base2, koTopsle B HACTOSIIEE BPEMS CUMTAIOTCS YCTAPEBUINMU.
[ToacoenuHenne KOMIBIOTEPOB OCYILIECTBIIAECTCS B pa3pbiB Kaldems ¢ momolbio T-
KOHHEKTOpa. IIpu orcoennHeHnn komnproTepa T-KOHHEKTOP YJalIseTcs, a Ha €ro
MECTO yCTAHABJIMBAETCS MEPEMbIUKA, COCIUHSIONIAs [Ba CETMEHTA Pa30pBAHHOIO
kabens. Ha xonmax mmuasl OBA3ATEJIBHO ycranaBivMBarOTCsS TEPMHHATOPHI

JJIS ITIOTJIOIICHU A ((CBOGO,[[HI)IX» CHUI'HAJIOB.

< = &2 == v

Tepmunamop Tepmunamop

T-xounexmop

Puc. 1.12. Tomomorusa «mmmHa»
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Kouabsno

«Konbuo» ucnonbzyercs B ceTsix, oTimyHbiX oT Ethernet, Hanpumep Token
Ring, rme mo ceTw MOCTOSHHO IUPKYJIUPYET KOPOTKUW OJIOK MaHHBIX (MapkKep),
MoJTy4yaeMbIid Kax a0 pabodeil CTaHIIUEH 10 OYePeIn.

MOXHO BBIICIINTH JIBa MOJTUIA JAHHOW TOMOJIOTUU: OJHOCTOPOHHEE KOJIBLIO
(puc. 1.13) u nByxcTopoHHee KoJbIlo (puc. 1.14).

B ogHOCTOpOHHEM KOJIBLIE MPU BBIXOJE U3 CTPOSI OJHOTO W3 CETMEHTOB
Ka0ens, COeAMHSIONEro padodne CTAHIMH, BBIXOJUT W3 CTPOS BCSA CETh. JTa
npoOJsieMa pemiaercs nepenadeid cooOIleHUM B O0OMX HaNpaBJICHUSX (CM. pHUC.
1.14), u npu BBIXOJIE U3 CTPOS OJHOTO U3 CErMEHTOB KalOelss, COEAMHSIONIETO
paboune CTaHIIMK, COOOIICHUSI MOTYT TMIEpeaBaThCcsl B 0OpaTHOM HAMPABJICHUU 10
BTOPOMY KOJBITy. JIByXCTOpOHHEE KOJBIIO SIBISIETCS OOJiee HAJEKHBIM, TaK Kak
Jla)K€ TpU BBIXOJE U3 CTPOS OAHOBPEMEHHO HECKOJIBKUX 3JJIEMEHTOB CETHU
OTJIEJIbHBIE €€ 4YacTU NpoJoKalT (PyHKUMOHHpPOBaTh. Ho JBOMHOE KOJBIO
ABJIETCST OOJiee JOPOTOCTOSIIIMM IO CPaBHEHUIO C OJHOCTOPOHHUM H3-32

OOJIBIIIETO UCIIOJIL30BAHUSA KaOes.
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Puc. 1.13. OnHOoCTOpOHHEE KOJBLIO

_
«—

] ]

N 7

_
—

i i

Puc. 1.14. /IByxcTOpOHHEE KONBLO

CMemiaHHasi TONOJIOTUSI
CeTb MOXET OBITh CMEIIIAHHOM, T.€. COJIepkKaTh B ceO€ MPU3HAKU PA3IMYHBIX
tonosioruii (puc. 1.15). B HEKOTOpBIX JUTEpaTypHBIX HCTOUYHHKAX TOJI00HYIO

CTPYKTYPY CETH BBIJIETSAIOT B OTACIBbHYIO (UETBEPTYIO) TOMOJIOTHIO.
EI\
4—
—= = —=

i

Puc. 1.15. IIpumep cMemaHHOW TOTIOJIOTUA

-
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[Ipu sTOM y3en, mpuHAAJICKANTNN OJHOBPEMEHHO NIBYM WM OOJee CeTsM,
SIBJIIETCS IIIJII030M JTU00 MOCTOM.

Mocrt (bridge) - ycTpoHCTBO, COCAUHSIONIECE BE OTACIBHBIC CETH WJIM JIBa
CEerMEHTa OJHOM CETH, UCTIOJIB3YIOMINX OJUHAKOBBIE MPOTOKOJIBI.

a3 (gateway) - Oosiee CIIOXHOE YCTPOMCTBO, OOBEAMHSIONICE
Pa3HOPOJHBIE CETH.

1.8. Konnienrpatop Hub

Hub — xoHueHTpaTOp, SABISETCS LEHTPAJIbHBIM 3BEHOM TOMOJIOTHU «3BE3]1a»
(puc. 1.16) [1]. NUmeer Bocemb pazbemoB RJ-45 wnm Oonbliiiee WX 4YMCIO, Kak
npaBuio, KpatHoe BOChbMHU. (OcoOeHHOCThIO paboTel hub gaBmsercs ToO, 4TO,
MOJIYYHMB COOOIIEHHE OT OJHOTO KOMIIbIOTEpa, OH IepelaeT ero Ha BCe
KOMObIOTepbl. Takum oOpa3om, TMpu Mmepenade CoOOOILIEHUS OAHUM U3
KOMIIBIOTEPOB JApyrue nmnepeaaBatb He MoryT. Hub pabGortaeTr B pexume

nonyayrekca (pasa. 1.12).

[ ] [ ]

] E\/E ]

Xab

~ o e

Puc. 1.16. LlenTpasibHOE 3BEHO TOMOJIOTUU «3BE3/1a»

1.9. KommyTtaTtop Switch
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Switch (kommyTaTop) - anamormuyeH hub, 3a wuCKIIOYEHHWEM TOTO, 4YTO
COOOIIIEHNE TOCHUTAECTCS Ha KOHKPETHBIM KoMmmbioTep. Switch MoxeT padorath B

peXHMe MoJIHOTO ayruiekca (pasza. 1.12).

1.10. Penutepsbl
Penutepbl (MOBTOPHUTENHN) - WCIONB3YIOTCS I YBEIMUCHUS JJIMHBI CETH

(BBICTYIIAIOT B POJIM YCUJIMTEJIS CUTHAJA).

1.11. Hacrpoiika cetu B OC Windows
Hacrpoiika iMeHH KOMIbIOTEpa U pado4yeld rpynnbl
Wwmst kommbroTepa U paboyeil Ipymnmbl 3a1aeTcsl B CBOMCTBAaX cucTeMbl. [
BbI30BAa OKHA CBOMCTB CHCTEMbI HEOOXOJUMO IIEIKHYTh MPABOM KIaBUIIEH MBIIIN
10 3HaUKy «MO#M KOMIbIOTEP» Ha pabo4yeM CTOJIE U B MOSIBUBLIEMCS] KOHTEKCTHOM

MEHIO BBIOpaTh MyHKT cBoiicTBA (puc. 1.17).

T L
-

Mok
KOMAOERTER

OTKpHTE
MpoECAHAE

HakTH, ..
¥MpasneHye

MoAKARHHTE CETEE0A AWCE, .,
OTKMHOYMTE CETEBOR AMCK..,

C0343TE ApnElk
¥aanTe
MepeHMEHOEATE

CEOHCTES

Puc. 1.17. KontekctHOE MeHIO « MO KOMIBIOTEP»
B nosiBuBImIEMCS OKHE CBOMCTB cucteMbl (puc. 1.18) HeoOxonumo BbIOpaTh

3aKJIAJKy «Umst KOMIIBIOTEPA» U OaJICC HAXKATh KHOIIKY «H3MeHHuTDb>.
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HMena KoMIBbIOTEPOB B CETU JOJDKHBI ObITh YHUKAIBHBIMU, @ pabouas rpyIa

OIVMHAKOBOMU.

CROHCTEA CHCTEMbI

! Boccratoenerue cuoTerel [

ABTOMETHYECKDE IZIISHDB.I'IEHHE | HnaHEHHble CEaHCkl
 O6wme Hraa komnewaTepa ] Otopuacsarie | dononurensho |

=

A Yk azaHHEIE HUXE CERLEHMA HCA0AEZYHTCA 404
j HOEHTHPME AL KOMNBKTERS B CETH.

OrucaHme:

Hanpuraep: "'ForMisioTep B rocTHHOE" MM
"FornetoTep AHgpea'.

ManHoe uran: h-13fceabl 230a4.

Patoyaa rpynna; WORKGROUP

YTofibl BEISEETE MACTER CETEE0H MASHTHPMHK ALMHK

1A NPHCOSAMHEHHA EOMNBITERa K A0rEHY, WaeHTHduEauma
HasmuTe kHonky "MaeHTuguranua'

YTofk! NEPEMMEHDBATE KOMIBIITED MM

APHCOSAHHKTE &rd K goreHY BPY4HYID, HIKMMTE MaraeHuTE. .. k

kHoney HMareHuTe'.

[ 0K ] [ OTraeHa M pHMEHHTE:

Puc. 1.18. CBoiicTBa cucTeMbl
Hacrpoiika IP-agpeca u Mmacku moacern
s 3amanus [P-agpeca u Macku oice€TH HEOOXOAUMO:
a) [llenkHyTh MpaBoOi KJIaBUIIEH MBI MO 3HAYKY CeTeBOE OKPY:KeHUe U

BBIOpATh MyHKT MEHIO cBoiicTBa (puc. 1.19).

¥NOPAADYHMTE SHAYKHK
COHOBMTE

MaHene ynpagsneHka MYIDIA

Co30aTk

CEOHCTES
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Puc. 1.19. KoHTEKCTHOE MEHIO CETEBOTO OKPYKEHHUS
B ortkpeiBmiemcs okHe «CerteBble mnoakiatoueHus» (puc. 1.20) Oyxer

OTOOpaXKEH CIHCOK BCEX CETEBBIX YCTPOUCTB, YCTAHOBJICHHBIX HA KOMIIBIOTEPE.

s CeTernie nogxmwue HuA |:| |§| |X|

dafin Mpaeka Bua  Ms0padHoe  CepeWc  JoOnNOnHMTENEHD  CNpaBka :,.

9Ha3a,ﬂ. @ lﬁ pﬂDHCK ll:‘ MNarick -.-

Q CETEEbIE NOAKTHHEHHS b | Mepe:xoa

NEBC vy BLICOKOCKOPOCTHOH MIHTEPHET

CeTeBbie 3a8auM

1394-coeAMHEHHE BecnpogogHoe CcETEEDR
C0343HHE HOBOr Mo ARAHYEHD _ OB AHHEHHE
HOARTRISERH:] B CeTesoH agantep 1394 fep) TloARRKMEHD
g WCTAHOBMTE AOMALHIOH CETE
HIH CeTk Manoro ogHca MoAKAFHEHHE M0 NOKANEHOA
@ MsMeHnTE Napate Tkl CETH
Bpanamayapa Windomws ﬂ CeTes0R Kalenk He NoAKAHIHEH

Llnro3 MHTEpHEeTa
CH. TaKME

'S -
Ly AHarHocTHES CETeEbIX MoaknroqeHHe K MHTepHETY
HENONaA0K MoaknmHeHo
( MoaknHYeHHe K FHTEpHETY

Opyrve mecrta

G‘ MaHENE YNpaEneHHs

o
'i_‘g CETEBOE DKPYHEHHE

[E] MoK A0KYMEHTEI

a Mo KoMABHTERD

MogpobHo

CeTesble NOAKNHYEHHA
CHETEMHEA Nanka

Puc. 1.20. CeTeBble TTOAKIIOUCHUS
Tekyliee COCTOSHME KaXXJAOr0 W3 TMOAKIIOUEHHN MOXHO OMNPEACIUThH IO
BHEIIHEMY BHJYy €ro spJjiblka, a Takke [0 HaANUCU T[OJ] Ha3BaHUEM
MOAKJIIOUEHHS.

HO}IKHIOIIGHI/IH MOT'YT UMCTb TPpU OCHOBHBIX COCTOSHMUA:

—<% - TTOAKIIFOUEHO (Y8eMHOU 3HAUOK 8 8UOE 08YX KOMNbIOMEPOS).

—< _ OrIirOueHO (YepHo-6enbiii 3HAUOK 8 8Ude O8YX KOMNBIOMEPOS).

16



—<% _ Ceresoii kabens He noaxmoued (CeTh He HalieHa)

(ysemmnoll 3HAYOK 8 8uUde 08X KOMNbIOMEPOB C KPACHIM KPECHOM).

[lepexon M3 COCTOSIHMSI OTKJIIOYEHO B COCTOSHUE MOAKIIOYEHO/CETh He
HalJiIeHa OCYIIECTBISICTCS BBIOOPOM ITyHKTA IMOIKIIOYNUTH KOHTEKCTHOTO MEHIO
JUTSl COOTBETCTBYIOIIETO COEAMHEHHUSI.

BbI30B KOHTEKCTHOTO MEHIO OCYIIECTBISETCS IIETYKOM IPABOM KIIABUIIU
MBIIIU IO 3HAYKY COOTBETCTBYIOIIETO COCTUHEHUS.

[lepexonq U3 COCTOSHMS TIOJKJIIOYEHO/CETh HE HaWJeHa B COCTOSHHE
OTKJIFOUEHO OCYIIIECTBIISICTCS] BLIOOPOM MyHKTA MEHIO OTKJIFOUYUTb.

Ilepexoxq MexIy COCTOSHHMSIMHA TOAKIIOUYEHO MW CETh HE HalJeHa
OCYIIECTBJISICTCS. aBTOMATUYECKH B 3aBUCHMOCTH OT TOTO, YCTAaHOBJICHO JIU
(bu3nYecKoe COeTUHEHUE.

0) BriOpaTh U3 KOHTEKCTHOTO MEHIO TpeOyeMOro COEIMHEHHSI ITyHKT
CBONCTBA.

B nosiBuBmemcs okue (puc 1.21) ycTaHOBUTH rajouky «BwiBecTu 3HA4YOK B
obnactu yBenoMiieHUus» («OToOpakaTh COCTOSIHUE TTOAKITIOUCHHS» ).

N3 cnucka npoTokosioB BbIOpath npoTokodl TCP/IP nBaxkapl MIEAKHYB 1O

HEMY MBIIIKOU.
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x|

- [Mogxnwue HHe No MOKANbBHOH CETH - CBOHCTBA | ? Il

D6wme | Mpoeepra nagmunnocT | JonoaHurensta|

MogkmodeHue HEpET

EB Marvel Yukon 88E 8056 PCI-E Gigabi
K.OMAOHEHTBI, MEMOABZYEMEIE TR NOAK THMEHUEN:
Q MMnaHWpoBLwWE nakeTos QoS o~
S AEGIS Protocal [IEEE 802.1x) +3.4.5.0
MNporokon MurepreTa [TCRAR) L
s
< il | >

DrucaHue

Mportokon TCPAP - cTangapTHEE npoTokon raodansHe::
CETEN, OOECNEMMEANLINE CEASE MEHIY PAZNHYHBIRL

ESAMMOLEACT YR MMM CETARM,

[P NOQE AKDYEHKM BEIBECTH SHAY0K B 00NACTH YEEA0MNEHME

HeeqomMiATE NP OMPaHWYEHHOM MM OTCYTCTEYHWEM
MO HIYEHMLA

[ ok, ] [ OTreHa

Puc. 1.21. CBoiicTBa NOAKIIIOUEHUSA

B) B mosiBuBmieMcst okHe (puc. 1.22) 3amate [P-anpec m macky nojceru

BPYYHYIO.

Ceohcrea: MNpotokon Mute pueta (TCP/IP)

O6wue

MNaparetpet [P MoryT HasHaYaTECA SETOMETHMYECKH, BCNM CETE
NOAAep#KHEIET 3TY BOSMOKHOCTE. B NpoTHEHOM Cayyae napareTpel
IP MO#HD NOAYYHTE Y CETEBOMD SQMMHMCTRATORA.

) Nonyuure |P-anpec asToMaTHYecki
(&) Wenonesosatk casauowmii IP-agpec:
(132,168, 0 . 2 |

|P-anpec:

Macka nogceru | 255.255 . 255 . 0 |

OCcHOBHOM Wi

Monyyure aapec OMS-cepeepa aETOMATHYSCKM

{® Wenonbsosatk creqyiowme agpeca DNS-cepeepos:

Mpegnoywraerei DMNS-cepeep:

AneTepHaTHEHEIN DNS-cepeep:

HononHuTensHo. ..

L k. J[ OTeHa ]

Puc. 1.22. CpoiictBa nporokosia TCP/IP
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IP-anpeca KOMIIBIOTEPOB B CETH JOJDKHBI OBITh YHUKAJIbHBIM, a MackKa

HOJCETH OJIMHAKOBOIA.

Hanpumep:
Nms kommbroTepa Compl Comp2 Comp3
Pabouas rpymnmna WORKGROUP
Ip 192.168.0.1 | 192.168.0.2 | 192.168.0.3
Macka nozacetu 255.255.255.0

r) Jns nonkmouenus k cetu Internet, HeoOX0AMMO TaKXKe yKa3aTh HIJIIO3 U
DNS-cepBep (puc. 1.23). Kak npaBwio, B MaJibIX ceTax ajapeca muio3a u DNS-
cepBepa COBIAJAIOT, UYTO CBHJICTEIILCTBYET O COBMEIEHMHM OOeux (PyHKIuU B
onHoM ycTpoiicTBe (cepBepe). Ilo ymomuanuto sto aapec 192.168.0.1. B stom
cirydae nenecooopasno nepeumenoats Compl B Server.

3a Oosiee nmoApoOHOI nHPOpMaluel odpalainTech K BaleMy IpoBaiiepy.

CeoicTra: [poTokon Mute preta (TCP/IP)

Dfwue |

MapateTpel [P MOrYT HaSHAYETECA SETOMATHMYECKM, ECM CETE
NOAAEHMEAET 3TY BOSMOMKHOCTE. B NpoTHEHOM CAy4as NaparmeTpel
[P rO3#HOD NOAYYMTE Y CETEBOrD S0MUHMCTRATOPA.

() NonyuTe [P-agpec SETOMETHYECKM

(®) McnonesoeaTe casaysw Wi IF-anpec:

IP-aapec: [192.168. 0 . 2 |
Macka nogcemu | 2595 . 255 . 255 . 0 |
D CHOBHOR WS | 192 168 . 0 . 1 |

MonyuuTe agpec DMS-cepEepa SETOMATHYECKM

(®) Mcnonesoeate cnsayowwe aapeca DMS-cepeepos:

MNpegnoyuTaster DNS -cepeep: |192.158. 0.1 |

AneTepHATHEHEIR DMS-cepeep: | . . . |

JononHuTeneHo. ..

L Ok, ][ OTraeHa ]

Puc. 1.23. Ykazanue nuito3a u cepsepa DNS
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1.12. Pe:xkxumbl nepeaayu JaHHBIX

CymectByer Tpu  peXHMa  IE€peladyd  JIaHHbIX:  OJHOCTOPOHHUU
(CUMILJIEKCHBIN ), TYTJICKCHBIA U MOy IYTIIIEKCHBIH.

[Ipu ogHOCTOpPOHHEH Nepeaade AaHHBIX (puc. 1.24) oqHO yCTpOMCTBO BCerna
ABJISIETCS TOJBKO MEPEIAIOIINM, a IPYTO€ TOIbKO MPUHUMAIOIINM.

HpI/IMCpOM CUMIIJIICKCHOT'O pCXKHUMA MOJKCT CIYXUTb TCICBUICHUC.

IlepenaTunx IIpuemuux

Puc. 1.24. OnHocTOpoHHUHN (CUMIUIEKCHBIN) peXUM Nepeiauu JaHHBIX
[Ipu pynnexcHodt mepemade (puc. 1.25) naHHbIe mepenaroTcs B 000HX

HalrpaBJICHUAX OAHOBPEMCHHO.

[IepenaTunx [Ipuemuux

A

IIpnemMHuK IlepenaTunx

Puc. 1.25 /IynnekcHsli pexuM neperadn JaHHBIX

[Tpu monyaymnekcHoi nepenaue (puc. 1.26) manHble epenarTcss B 000UX

HampaBJICHUAX, HO IO OUCpCaH, 110 OHHOﬁ nmape nmpoBoOa0B.

[lepenatunk —e@ o— [Ipuemnux
II \\
/7 \

[IpuemHuk |—e@ o— Ilepenarumx

Puc. 1.26. [TonynynineKkCHbIN peKUM NEPENAYN TaHHBIX
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2. UTHTEP®EHNUCBI IEPCOHAJBHOT'O KOMIIBIOTEPA
2.1. lMocaenoBaresbHbIi HHTEppeiic RS-232
Untepdeitc  RS-232  mpeacraBnser coboit  oObrunbiii COM-mopt

MEPCOHANILHOTO KOMITbIoTepa (puc. 2.1).

Ve

(@ 0| KonTtakTsl pazbema:

7l @ 4 2 — RxD - npuem gaHHBIX;

8 @ : i 3 — TxD - nepenava naHHBIX;
1\ Q|5 5 — GROUND - 3emurs.

Puc. 2.1. Buemnuii Bun COM-paszbema (co cmopoHwvl komnsvomepa)
HNurepderic RS-232 nmo3BonseT COEAMHUTh MEXAY COOOU JBa KOMIIbIOTEPA
(vnu Ba MH00BIE IPYTUE YCTPOIMCTBA) HA pacCTOSTHUU 3-5 M.
[Tepenaua nanHbIX (pUC. 2.2) MOXKET OCYHIECTBIISITHCA B 00OMX HAIPaBICHHUSIX

OJIHOBPEMEHHO (TTOJHBIN TYTIIEKC).

IMpuémuank >< Mpuémuank
IMepenaruuk IHepenaruuk

OO61mmii mpoBoj O61mmii npoBoj

JKpaH JKpaH

Puc. 2.2. Coequnenne mo RS-232
B MIPOMBIIIEHHOCTH OombIee pacrpocTpaHeHue MOJTYYUIT
nocienoBaTenbHbli  uHTEpdeiic RS-485, mo3Bomsttonuit  coenuHuth 10 16
YCTPOMCTB HA PACCTOSSHUU B HECKOJIBKO CcoTeH MeTpoB. CoeauHeHue
OCYILECTBIISIETCS 110 BUTOW Mape mo JBYM (MOJYAYIUIEKC) WM YEeThIpeM (ITOJTHBIM

JYTUIEKC) IPOBOIAM.
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2.2. Hyper Terminal
[IpoBeputh coenuHeHne KoMmIbloTepoB uepe3 COM-mopTbl  MOXKHO
nporpammoii Hyper Terminal («I'unep-tepMuHam»), pacnoyioKEHHOW B MEHIO
[TY CK/TIporpammbl/CtannapTHbie/CBs3b.
[Tocne 3amycka nporpammsl (puc. 2.3) He0OX0IUMO:
® yKa3zaTh UMS COeNUHCHHUs (0€3 UCIIOIh30BaHUS PYCCKUX OYKB M TIPOOEIIOB);
e BbHIOpaTh MOPT, K KOTOPOMY (PU3WYECKU TMOACOCAMHEH Kabenb (Hampumep,
COM1);
e yKa3aThb MapaMeTpsl MopTa (CKOPOCThb, OMTHI JAAHHBIX, YETHOCTH, CTOMOBBIE

OUTHI), OAMHAKOBBIC JIJI 000MX KOMIIBIOTEPOB.

"+ Hosoe moginwuenme - HyperTerminal

Parin Mpaeka Bua Bozos Mepsaada  Cnpaska

OnucaHue NoOKIwYe HHA

% Hosoe nogknoyeHke

EEsauTe HasBaHHE NOKAKNEHHA H EBIGEPWTE 07 HEMD SHAYOK

HasgaHue:

OTKNHIHEHD AETOERIBOP AETOELIGOP SCROLL CAPS | UM 3aMACE NPOTOROAS %0

Puc. 2.3. Bremnnii Bux okHa nporpammel Hyper Terminal
B cnywae eciam coeguMHEHUE YCTAaHOBJIEHO MPABHIIBHO, TEKCT, BBOJUMBII B
OKHE OJIHOTO KOMIIbIOTEpa, OyAeT BHIEH B OKHE JPYroro Kommblorepa. Taxxke
nporpaMmma no3BoJisieT nepeaanath yepez COM-nopT ¢aibl.
2.3. Serial Monitor cpeabt Arduino IDE
Cpena mporpammupoBaHusi MUKpPOKOHTpoiiepoB Arduino IDE (puc. 2.4),
ABJIIETCS CBOOOAHO PAacHpOCTpPaHsEMbIM MPOrPAMMHBIM O00O€CIIEUEHUEM C

OTKPBITBIM HMCXOJIHBIM KoaoM. B kommiekt Arduino IDE Bxomur MoHUTOp
22



nocienoBatenbHoro mopra Serial  Monitor  (puc.  2.5), 1O03BOJISIIOLIUN
OCYIIECTBISATh OOMEH JaHHBIMH C KOHTPOJUIEPOM B KOHCOJIBHOM PEKHUME

(anasornyHo onucaHHou Boitie nporpamme Hyper Terminal).

(=] X

Dain lMpaeka Cketd MHcTpymenTer MNomowe

MOHKTOR NopTa

ASCITable

void setup() |
f/Initialize serial and wait for port to open:
Serial.begin(9600);
while (!Serial) {
: // walt for serial port to connect. Needed for native USBE port only

1

// prints title with ending line break
Serial.println("ASCII Table ~ Character Map");

OTnpasnTb

dec: 114, hex: . H N : 1110010 ~
dec: 115, hex: . H . : 1110011
dec: 116, hex: . : . : 1110100
dec: 117, hex: . H . : 1110101
dec: 118, hex: 76, : , : 1110110
dec: 119, hex: . H . : 1110111
dec: 120, hex: . H . : 1111000
dec: 121, hex: . H . : 1111001
dec: 122, hex: " H . : 1111010
dec: 123, hex: N H N : 1111011
dec: 124, hex: . H . : 1111100
dec: 125, hex: N : . : 1111101
dec: 126, hex: . H . : 1111110

Srorrhgkrxspaoh

v

ABTOMPOKPYTKA HoBas cTpoka v | (9600608 v

Puc. 2.5. Serial Monitor
Jns npaBuiabHOM paboThl Serial Monitor He00XOIUMO 3alaTh CKOPOCTh
nepeayu JaHHBIX, KOTOpas paHee Oblia mpornucana (cM. puc. 2.4) B mporpamme
KOHTpoJuiepa, Harpumep, 9600.
2.4. lMapajeJbHbIA MOPT
PaccMoTpuM mnpuHImn paboThl NapajiensHOro mnopra Ha npumepe LPT-

II0pTa, KOTOPBIM CIIY)KWJI paHee sl IOAKIIOYEHMsS IPUHTEPA U B HACTOsSLIEE
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BpeMs cuutaercs ycrapeBmmm. [lapamnensubiiit LPT-nopt (puc. 2.6). no3poJsier

nepeaaBaTh OJJHOBPEMEHHO 8 OWT TaHHBIX U IPUHUMATH 5 OUT COCTOSIHHSI.

25
24

23
22

21
20

19
18
17
16
15
14

AN

ONONONONONONONONONONG
ONONONONONONONONONONONGS

£

—_ = = =
S = N W

—_ N W kR LN 0 O

KonrakTsl pazpema:
2-9 — DO-D7 —BBIXOHBIE OUTHI JAHHBIX;
18 — nmutanue +5B;

10-13,15 — BXOHBIC OUTHI COCTOSTHUS;

18-25 — GND - kopryc.

Puc. 2.6. Buemnnii Bug LPT-pa3zbema (co cmoponwvl komnviomepa)

LPT =ne InpcaHasHa4daliCa aJId COCIHMHCHHA KOMIIBIOTCP-KOMIIBIOTCP, XOTA

Takasl CBsI3b M BO3MOKHa (puc. 2.7). B a3ToM ciydae B KaXIOM M3 HalpaBlIEHUN

OJTHOBPEMEHHO MOXKHO Iepe/iaBaTh He 0oJiee MATH OUT JaHHBIX.

[lepenaTunk

[IpremHuK

[lepenaTumnk
S —
<> >
I S>SI>> —
S>>
SIS —
ITpueMuuk

Puc. 2.7. Coequnenue nByx KOMIbOTEPOB 110 LPT

2.5. Web-cepBep Ha MUKpPOKOHTpOJL1epe Arduino

Arduino — anmapaTHO-TIporpaMMHas TiatGopmMa ¢ OTKPBITON apXUTEKTYPO

U HUCXOAHBIM KOJIOM, OCHOBAaHHAas Ha CIENHaJIbHO pa3pabOTaHHOW TiaTe BBOA-
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BbIBOJIa M 00paboTku uH(pOpManuu U cpeasl pa3padorku. Ha mmare mmerorcs
pazbeMsbl JUIsl OJKJIFOUYEHHS] BHEITHUX YCTPOMCTB U YCTAHOBIIEH PAa3beM ISl CBS3H
C  KOMIBIOTEPOM, II0 KOTOPOMY  OCYILECTBIIIETCS  NPOTPaMMHUPOBAHUE
MUKPOKOHTpPOJIIEPA.

MukpokonTposiep Arduino coBmecTtHO ¢ wmoxayieM Ethernet Shield
(puc.2.8) MO3BOJISIET peann30BaTh pa3IMUHbIE MPOTOKOJbI, Takue kak: TCP, UDP,

Telnet, DHCP, NTP, a taxxe co3nate web-cepsep ¢ nmporokoiaom HTTP.

Puc. 2.8. Mukpokontposuiep Arduino Ethernet Shield

K ananoroBbIM BXoJaM KOHTpoOJUIEpa MOJKIIOYAIOTCS TaTYUK TEMIIEPaTyphI
TMP37, ¢oropesucrop u mnoreHuuomerp (puc. 2.9). Ilpu HeoOxomumocTu
AHAJIOTHYHO MOTYT OBITh MOAKIIIOYEHBI U JIIOOBIE Ipyryue aHAJIOTOBBIE AATUHKH C
BBIXOJ/IHBIM CUTHAJIOM, JieKauM B uHtepnaie 0-5 B.

JIns TOAKIIOYEHUS AMCKPETHBIX JaTYMKOB HEOOXOIMMO HCIOIb30BaTh

komaHay digitalRead BmecTo analogRead.
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Y
Vout |
GND |

a)

Puc. 2.9. AnanoroBsie JaTYMKU: a) JATYUK TEMIEPATYPHI;

0) ¢oTope3ucTop; B) MOTCHIIMOMETP

3anyctum cpeny Arduino IDE u otkpoem B Heil npumep Ether-
net/WebServer (puc 2.10). MAC-aapec u IP-aapec nns monyns Ethernet Shield
IPOIMUCHIBAIOTCS HEMOCPEJICTBEHHO B KoJie Mporpammel (1o ymonvyanuto DE-AD-
BE-EF-FE-ED u 192.168.1.177).

Hns  HTTP-nmporokona wucnome3yercs mnopt 80. 3amyck cepsepa
OCYLIECTBIISIETCS IO KOMaHJIE:

Ethernet.begin(mac, ip);

Tpedyembie nis padotel oubmoreku SPLh u Ethernet.h yxe nmoakitoueHsl
K JaHHOMY npumepy. Heo6xoauMo TOIbKO OCYIECTBUTH 3arpy3Ky JIaHHOTO KOJia
nporpamMmbel B KoHTposiep Arduino ¢ ycraHoBieHHbIM Ethernet-monynem u
MOAKIFOUEHHBIMHU aHAJIOTOBBIMH JIATYUKAMU.

Ha ctopone xnuenTta (I1K) Heo6xoaumMo OCyIEeCTBUTh HACTPOUKY CETEBOTO
coeauHeHus ¢ ykazanueM IP-agpeca (puc. 2.11), nexarero B Toi ke MOJICETH, UTO

u [P-anpec cepBepa, KOTOPHIN yKa3aH B KOJ€ mporpaMMsl (cM. puc. 2.10).
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WebServer | Arduino 1.6.6 - O

Pain lNpaeka Crety WMHorpymenter MNomows

WebhServer &

#include <SPI.h>
#include <Ethernet.h>

// Enter a MAC address and IP address for your controller below.
// The IP address will be dependent on vour local network:

bvte mac[] = [0xDE, 0xRhD, OxBE, 0xEF, OxFE, 0xED]}:

IPAddress ip{l192, 168, 1, 177):

ff Initielize the Ethernet serwver library

Jf with the IP address and port you want to use
Jf (port B0 is default for HITE):
EthernetServer server (20);

vold setup() |
F/ Open serial communications and wait for port to open:
Serial.begin (9600) 7
while ({!'Serial) {}// wait for serial port to connect. Needed for

SS start the Ethernet connection and the server:
Ethernet.begin{mac, ip): W

< >

wing Unao on SO

Puc. 2.10. Kox nporpammer « WebServer

[IpoBepka coenvHEHUsI C CEPBEPOM OCYILIECTBISETCS MPU MOMOUIH JIF0OOT0
Opaysepa (puc. 2.12). IIpu 3ToM B KadecTBe ajapeca CTpPaHUIIbI, YKa3bIBaeTCs

[P-anpec cepBepa, KOTOPBIN paHee ObLT 3a7aH B KOJI€ MporpaMMel (cM. puc. 2.10).
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Ceowctea: [Npotokon MHTepHeTa sepcuw 4 (TCP/IPv4) H

ObLwme

MapaMeTpbl [P MOMHO HA3HEYETE AETOMATHYECKH, ECIM CETh
NofAEpHMESET 3TY E0IMOMHOCTL, B NpoTHMBHOM cnydae yIHanTe
napameTpel IP y CcETEB0D SAMMHWCTDETOPAE.

(:} MonyurTe IP-aapec aETOMaATHYECKK
@ Monone30BaTe Cnedykowmia [P-agpec:
1 192.188. 1 . 1 |

IP-anpec:

MacKa NoaceTH: | 255.255.255. 0 |

CCHOBHOIA LWNHD3: | . . . |

Monyurte agpec DNS-Ccepeepa SaETOMaETHHECKHK

@ MnonezoeaTe cned yiowwe aapeca DNS-cepeepos:

MpeanouuTaemel DNS-cepeep: | . . . |

ANbTEpHATHEHEIM DNS-cepeep: | . . . |

[ |MoaTeepanTs napameTpe npu Beixoae | [oNaAHUTERLHO |

| 0K || OTmena |

Puc. 2.11. Hactpotika 1K ms cBsizu ¢ web-cepepom

© 192.168.1.177

& X 0} | © 192.168.1.177

analog mput 0 15 0
analog mput 1 15 662
analog mput 2 1s 267

Puc. 2.12. Pe3synbTaT padboThl web-cepBepa

B pesynbrare B Opaysepe 0ToOpa3aTcs TEKyIue MOKa3aHUus MOIKIIOUCHHBIX

JATYMKOB, 3HAYEHMS] KOTOPHIX OYIyT aBTOMAaTUYECKU OOHOBISATHCA uepe3

3aJJaHHBIN B IIPOTPaMME UHTEPBAJI BPEMEHH.
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3. INTERNET

B nmaHHOM TnaBe paccmarpuBaeTcs ceTh Internet, kak HauOonee
pacnpocTpaHeHHasi «rjio0alibHash» ceTh. Internet siBIseTcs MUIIL 00BEIUHEHUEM
HECKOJIBKMX THIIOB CETEW, TakuX Kak paccMOTpeHHbI Bbiue Ethernet, n

Pa3JIMYHBIX ITPOTOKOJIOB IICPCAadn JaHHBIX.

3.1. loMeHHbIE€ HIMEHA
Korna Bel obOpamraerecs Ha Web win moceiiaete e-mail, BB MCTIONb3yeTe

nomeHHoe wums [3]. Hanpumep, anpec http://www.microsoft.com/ coaepxxur

JIOMEHHOE uMs microsoft.com. AHajoruyHo e-mail-agpec myname@mail.ru

COACPKUT JOMEHHOE UM mail.ru.

B nomeHHO# cucTtemMe MMEH peanu3yeTcsl NMPHUHIMI Ha3HAYeHUsT WMEH C
OTIPEJICTICHNEM OTBETCTBEHHOCTH 3a WX IMOAMHOKECTBO COOTBETCTBYIOIIUX
ceTeBbIX rpymi. W ecnum kaxkmas Tpynmna OpUIEPKUBAETCS STOTO MPOCTOTO
npaBWjia W BCErja IMOJy4aeT TOATBEPXKACHUE, UYTO HMMEHa, KOTOphIE€ OHa
MPUCBAWBACT, CJAMHCTBEHHBI CpPEAM MHOXECTBA €€  HEMOCPEACTBEHHBIX
MOJYMHEHHBIX, TO HUKAKUE JIBE CHUCTEMBbI, T7ie¢ Obl T€ HU HAXOIWINCh B CETH
HHTEepHET, HE CMOTYT MOJIYYHTh OJJMHAKOBBIC NMEHA.

Taxoke yHUKaJIbHBI aJipeca, yKa3blBaeMble Ha KOHBEPTaX MPHU JIOCTAaBKE MHUCEM
oObryHOM mouTOM. Takum o00pa3oMm, aapec Ha OCHOBE TeorpapuuecKkux Hu
aIMUHUCTPATUBHBIX HA3BaHUI OJTHO3HAYHO OIPEACIISICT TOUKY Ha3HAUCHUS.

JloMeHBbl TOXXE€ UWMEIOT aHAJOTUYHYI0 Hepapxuio. B uMeHax JOMeHbI
OTHENAIOTCS JPyr OT Jpyra Toykamu: companya.msk.ru, companyb.spb.ru. B
UMEHU MOXKET OBITh PA3IMYHOE KOJIMYECTBO JOMEHOB, HO OOBIYHO MX HE OOJIBIIE
nsaty. [1o Mepe IBYKeHwHs TIo IOMEHaM B IMEHH CJIeBa HAIIPaBO KOJIWYECTBO UMEH,
BXOJISIIIIUX B COOTBETCTBYIOIIYIO TPYIITY, BO3pacTacT.

Kaxxnp1il pas, Korma Bbl UCIOIb3YETE IOMEHHOE UMsI, BB TAKXKE HCTIOIB3YETE
DNS-cepBepsI 17151 TOro, 4ToOBI NepeBecTd OYKBEHHOE ToMeHHoe ums B [P-aapec
Ha MalllMHHOM SI3BIKE.

B xadecTBe npumepa paccmMoTpuM ajgpec www.pc.dptl.company.spb.ru.
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[lepBpiIM B HMEHHM CTOUT Ha3BaHHWE padodeldl MalIMHBI — PEaTbHOTO
KommbioTepa ¢ [P-agpecom. D10 UMs co31aHO U MojAJepKuBaeTcs rpynmnoit dptl.
['pynna Bxoaut B GoJiee KpyIHOE MoApa3iefieHue company, ajnee cieayeT JOMEH
spb — oH ompezensieT UMeHa MeTepOyPrcKOi YacTH CETH, a Il — POCCHICKOM.

Kaxnas ctpana umeet cBoi JomeH. Tak, au — COOTBETCTBYeT ABCTpaiuu, be
— benprun u T.1. DTO TreorpapuyecKkue JOMEHbI BEpXHEro ypoBHs. [lomumo
reorpauueckoro mNpHU3HAKa, HCIOJIB3YyEeTCS TEMaTUYECKUi, B COOTBETCTBHH C
KOTOPBIM CYIIECTBYIOT CIEAYIOIIME JOMEHHBIE UMEHA IEPBOTO YPOBHS:

e CcOm — 0003HAYaET KOMMEPUYECKHUE NPEITPUATHUS;

o edu — oOpa3oBaTeibHbIC;

e gOV — rOCYyJapCTBEHHBIC;

e mil — BOeHHEBIC;

e nNEt — CETEBEIC,

e Org — YYPEKJICHHS APYTUX OpraHU3aluil U CETEBBIX PECYPCOB.

BHyTpu Ka)xaoro JOMEHHOTO UMEHHU MEPBOTO YPOBHSI HAXOJIUTCA LIEJIBIN Psif
JIOMEHHBIX MMEH BTOPOrO ypOBHS. [JOMEH BEpPXHETrO YpPOBHS pACIOJIAracTcs B
MMEHU TIpaBee, a IOMEH HUKHETO YPOBHS — JIEBEE.

Hanpumep, Ha puc 3.1 mokazaHa CTpyKTypa ajpeca psAna opraHu3aluid Ha

IIPUMEPE POCCUMUCKOTO IOMEHA.

ﬁu (Russia) poccuiickuii 1oMeH \

4 Msk.ru ) /Spb.ru \ / My.ru \
Jomen Jomen Bam
MockBbl HeTep6ypra GTURPSper CoOcTBEeHHBINH

JloMeH Harero Caiir

YHuBepcurera

N VAN 2N J
\ /

Puc. 3.1. Crpykrypa aapeca psia OpraHnu3anuil Ha IpuMepe POCCUICKOro T0MEHa.

Paccmotpum aapec http://www.gturp.spb.ru/. JlomeH BepxHEro ypoBHA ru

yKa3bIBaeT Ha TO, YTO aJpec MPUHAMJICKUT poccuiickoi yactu MuTepHera, spb —
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ONpEenEeIAeT TOPOI, CIEAYIOIMMN YPOBEHb — JIOMEH KOHKPETHOM OpraHu3aunuu. B
MIPUHITUIIE, B UMEHU MOKET OBITH JTI000E YHCIIO IOMEHOB.

3.2. DNS-cepBep

DNS-cepBep nmpuHUMaeT 3ampoc Ha KOHBEPTALMIO JOMEHHOrO MMEHH B [P-
anpec. [Ipu atom DNS-cepBep BBITIOIHAET CICAYIOUINAE NCHCTBUS:

e OTBEYaeT Ha 3ampoc, BegaB I[P-agpec, mockonbky yxe 3Haer I[P-ampec
3anpammrBaeMoro J10MEHa;

o KOHTakTUpyeT ¢ apyrum DNS-cepBepom mist Toro, uroOsl Haiitu [P-agpec
3aMpPOIIEHHON0 HWMEHU. OJTOT 3alpoC MOXKET MNPOXOJIUTh IO ULEMOYKe
HECKOJIBKO pas;

o BblmaeT cooOmieHue: «f He 3Haro [P address momena, 3ampammBaeMoro
BamH, HO BOT [P address DNS-cepBepa, KOTOpBIi 3HAaeT OOJIbIIE MEHSY;

e COOOIAET, UTO TAaKOM JTOMEH HE CYIECTBYET.

JomyctuMm, uto Bbl HaOpanmu aapec http:/www.pc.dptl.company.com/ B

BaleM Opaysepe, KOTOpbId UMeEEeT ajapec B AoMeHe BepxHero ypoBHs COM (puc.
3.2). B npocrteiiiem Bapuante Bail Opay3ep koHTakTupyet ¢ DNS-cepepom st
Toro, 4rtoObl monyuuTh [P-aapec wuckomoro kommberoTepa, U DNS-ceprep

BO3BpalaeT uckomsiii IP-anpec (puc. 3.3).

oot Kopess ppuenoz Infernet

ede
Anwes BTOpEI YPoRES,

COMPaRY  SOPETHCTPHPOROHEIA

ChMpuOR Compony

gov arg

dptl  oybianmes

[ w3, nosnouenscs
KM T BHITE Y

Puc. 3.2. Ctpykrypa aapeca nis pe.dptl.company.com
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Knent DHS (epeep DNS

Korkoe IP-oxpec soMmesaTEpD

- € WmeHem podpfl compony com?

ﬂ ¢ uwesew pdptl compony com?

1932761157

Puc. 3.3. 3anpoc k DNS-cepBepy Ha nonyuenue [P-aapeca

Ha mnpaktuke B Ceru, rie oObEIMHEHBl MUUIMOHBI KOMIIBIOTEPOB, HAWUTH
DNS-cepBep, KOTOpbIi 3HAE€T HYXHYIO BaM HH(poOpMmanuioo, — 3TO Ienas
npobnema. MHbIMH cliOBaMH, €CIM Bbl MIIETE KaKOW-TO KoMmIibioTep B CeTu, TO
npexae Bcero BaM HeoOxoaumo Hailtu DNS-cepBep, Ha KOTOPOM XpaHUTCA
Hy’kHass BaM wuH@opmanus. Ilpu 3ToM B moucke HHPOpPMAIMM MOXKET ObITh

3a/IeiCTBOBaHA 11e1as 1Iernovyka cepepoB (puc. 3.4).

D51

s !
Kawoe |P-oaper kownesTepa
¢ muesed podptl compony.com

He k010, B0 3E0M0 OApEC
ONS-epeega, obpoboTeiBO0WErD
g £OITIOA PR y
s ™
o Fowe [Poape pouneorepo
¢ muesed podptl compony.com

He k010, B0 3E0M0 OApSC
DMSvepeepa, B KOTOpOM
g BFD MOKHD NOMPHTE y

DNs4
~
. Kawoe |P KOMABATE D
¢ weereu podptl comgany.com
v
- ™ .
- Mepeppen |F-opper - |

pedptl company.com

N,

Puc. 3.4. ITouck DNS-cepBepa
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[Ipeamonoxum, uro Tor DNS-cepBep, kK KOTOpOMY BBl 0OpaTHINCh (Ha puC.
3.4 on oGo3nauen kak DNSI1), ne umeer HyxHoi mHpopmanmu. DNS1 HauHer
nouck [P-agpeca ¢ oOpatenus k ogHomy U3 kKopHeBbiXx DNS-cepBepo. KopHeBbie
DNS-cepBepnl 3Hat0T [P-aapeca Bcex DNS-cepBepoB, OTBeHarONUX 32 JTOMEHHbIC
uMeHa BepxHero yposHs (COM, EDU, GOV, INT, MIL, NET, ORG u T.1.).

Hanpumep, Bam cepsep DNSI Moxer 3ampocuts aapec y kopHeBoro DNS-
cepBepa. Eciim KOpHEBOW cepBep HE 3HAET JAHHOIO aapeca, BO3MOXKHO, OH JACT

otBeT: «S He 3Hato IP-aapeca mis http:/www.pc.dptl.company.com/, HO MOTy

npenoctaButh [P-anpec COM DNS-cepBepar.

[Tocne storo Bam DNS1 moceuiaer 3anpoc Ha COM DNS ¢ npocbOoit
coobmmTh uckombiii IP-aapec. Tak mpoucxoauTt A0 TeX Mop, MOKa HE Haiaercs
DNS-cepBep, KOTOPBIH BBIIACT HYKHYIO HHPOPMALIUIO.

Opna W3 TpPUYMH, 1O KOTOpOW cucTeMa paboTaeT HaAeKHO, — 3TO €€
n30bITOuHOCTh. CymiecTByeT MHOX)ecTBO DNS-cepBepoB Ha KakJioM YpOBHE, U
MO3TOMY, €CIIM OJWH W3 HUX HE MOXKET JaTh OTBET, HABEPHSKA CYIIECTBYET
JIPYTOii, Ha KOTOPOM €CTh HeoOxoaumasi Bam uUH(opmanusa. Jpyras TeXHOIOrus,
KOTOpasi JieJlaeT MOMCK 0OoJiee OBICTpbIM, — 3TO cHUCTeMa KdmupoBaHus. Kak
Tonbko DNS-cepBep BBINONHSAET 3ampoc, OH KALIMPYET mojiydeHHbId [P-ampec.
Opnaxnpl cnena 3anpoc Ha KopHeBoilt DNS (root DNS) u nmonmyuus agpec DNS-
cepBepa, oociayxkuparomero COM-noMeHbl, B CIECAYIONINNA pa3 OH YK€ HE JOJKEH
OyZeT MOBTOPHO oOpamaThCs ¢ MOJA00HBIM 3ampocoM. KammpoBanue mpoucxoauT
C KaXIbIM 3alPOCOM, YTO MOCTENEHHO ONMTUMHU3UPYET CKOPOCTh PabOThl CUCTEMBI.
HecMotpst Ha TO, uyTo mosb3oBatensaM pabota DNS-cepBepa He BuaHA, 3TH
CEpBEPHI KAXKJIbIH JICHb BBITIOJHAIOT MUJUTHAP/IBI 3alpOCOB, obecreunBas paboTy
MWJUIMOHOB I10JIb30BaTEIICH.

PaccmoTpum ceth HeOOMbIION KoMmanuu (puc. 3.5), moakmoueHHo# K Inter-
net. Ilyctb monb3oBarenb craHuuu PCl XodeT 3arpy3uTh CTpaHMUYKY CaiTa,

PacIoIOKEHHOr0 IO aipecy www.gturp.spb.ru. JIjist 5Toro He06X0UMO TOJIYYUTh

IP-anpec cepBepa, Ha KOTopoM xpaHuTcs ctpannuka. PC1 otnpasnsier 3anpoc (1)

Ha nonyuenue IP-agpeca DNS-cepepy. DNS-cepBep Bo3Bpamiaer oTBeT (2) ¢
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pe3ynbTaToM 00paboTKH 3ampoca (B ciydae HeoOxomumoctu DNS-cepBep MoxkeT
nepeHanpaBuTh 3anpoc (1) Ha apyrume DNS-cepBepa, moiydas (2°) oT HHX
Tpedyemyro nHbopmanuio). Eciau B pesynasrare 06padoTku 3ampoca DNS-cepBepy
yaanoch Haitu [P-anpec cooTBercTByIOMIEro cepeepa, To PC1 ornpasisieT 3ampoc

(3) Ha naHHBIN cepBep U MOJIyYaeT B OTBET (4) 3ampammBaeMyo HHHOPMAILIHIO.

DNS-Server

www.gturp.spb.ru

1
-, 7.
[ C_
= L] ~  Internet
PC 3 -
Internet
Server

Puc. 3.5. Ilpunmun padotst DNS-cepBepa:

1 — 3anpoc Ha nonydenue [P-agpeca mo umenu www.gturp.spb.ru;
2 —nepenava IP-agpeca www.gturp.spb.ru;
3 — 3arpoc Ha MOJTYYEHUE JAHHBIX UHTEPHET CTPAHUYKU ;
4 — nepenada UHTEPHET CTPAHUYKA WWW.gturp.spb.ru;
1” — nepenanpasiieHre 3anpoca Ha noiaydenue [P-anpeca no umenu;
2” — OTBET Ha nepeHanpasieHHbIN 3anpoc (1°7).

HyxHo 3ameTuTts, uTo 3anpoc DNS MokeT ObITh 1 00paTHBIM, T.€. IOJYUYHTh

noMeHHoe ums 1o IP-anpecy.
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3.3. MapmipyTu3anusa B cersix IP

Mapuipytuzatop (Router) - pabotaer Ha ceTeBOM YpPOBHE, OMpeAesisi MyTh
(MapuIpyT) ISl IEPECHUTKH MPOXOISIINX YEPe3 HEro MaKkeToB. MOKET BBINOIHATh
buIbTpaIMio NaKkeToB (PEIIeHHE O BO3MOKHOCTH Tepeaadr NmakeTa MpUHUMAETCs
HAa OCHOBE aHajM3a €ro COAEPKUMOro). MaplipyTH3aTOpOM MOXKET CIYKHUTh
CHEeUaIN3UPOBAaHHOE O00OpYAOBaHME WM OOBIYHBIA KoMmmbloTep. Kaxaplii u3
uHTep(eiicoB MapipyTH3aTopa uMeeT coocTBeHHsli [P agpec.

[Tpumep Tabauiel mapipyTtusauu B OC Windows:

CeTeBOl anmpec Macka ceTu Anpec mo3a Nurepderic MeTpuka
0.0.0.0 0.0.0.0 192.168.0.1 192.168.0.10 1
127.0.0.0 255.0.0.0 127.0.0.1 127.0.0.1 1
192.168.0.0 255.255.255.0 192.168.0.10 192.168.0.10 1
192.168.0.1 255.255.255.255 127.0.0.1 127.0.0.1 1
192.168.0.255 255.255.255.255 192.168.0.10 192.168.0.10 1
224.0.0.0 224.0.0.0 192.168.0.10 192.168.0.1 1
255.255.255.255 255.255.255.255 192.168.0.10 192.168.0.10 1

Tabnuiel MapuIpyTH3aluu COACP)KAT 3alMCH, COCTOSIIHE W3 CISTYIONTUX
TTOJICH:
e aJpec WIM MHOXKECTBO aJIpeCOB Ha3HAUCHHMS (aIpec U MacKa CETH);
e AJIPEC NUIK03a, KOTOPOMY MEPEIACTCS MAKET, afPECOBAHHBIN B YKA3aHHOE
MHO>KECTBO;
o wuHTEpdENC MapIIPyTU3aTOPa, KOTOPBIA CBA3BIBAET €0 CO IUTIO30M;
e METPHUKA MapIIpyTa - YHUCIIO, ONPEIETSAIONICE €ro KaueCTBO (pacCTOsIHUE 10
azpecara, IpOITyCKHas CIIOCOOHOCTh, HAJCKHOCTD)

MHoXxecTBa aApecoB Ha3HA4YeHUS B TaONMIE MapIIPyTHU3AllMd MOTYT
COJIEPKaThCsl OJIHO B JIPYrOM (B YAaCTHOCTHU, MHOKECTBO, OIpEJEICHHOE MEepPBOM
CTPOKOH TaOJMIlbI B MPHMEPE BBINIE, BKIIOYAECT BCE OCTAIbHBIE BO3MOKHBIC
MHOYKECTBA M OTPEJICACT MAPUIPYT MO YMOIYAHUIO).

Ecmu anpec nmpuemnuka B I[P makere BXOIUT B HECKOJIBKO MHOMXECTB, IJIS
ONPEAEICHNUS] MAapUIPyTa IMEPECHUIKA HCIOJIb3YETCd MHOXECTBO MHHUMAJIbHOM
MOIIIHOCTH (HAaUMEHBIIIEE).

Jly1st mpocMOTpa M HACTPOUKH TaOIUITEI MOYKHO MCIIOIB30BaTh KOMAaHTy

ROUTE (ROUTE PRINT, ROUTE ADD, ROUTE DELETE...).

35



3.4. Tuns agpeco (MAC, IP, DNS)

Kaxnprii kommnwstotep B cetu TCP/IP umeeT ampeca Tpex ypoBHEH:

JIoKaJIbHBIA aJpec Yy3Jia, ONPEACIAEMbIM TEXHOJOTMEH, C ITOMOIIBIO
KOTOPOU MOCTPOEHA OTAEIbHAS CETh, B KOTOPYIO BXOAUT JAHHBIN y3em. [l
y3JI0B, BXOJSIINX B JIOKaJbHBIE CETH, - 3T0 MAC-agpec ceTeBoro aganrepa
WM TIOpTa Mapuipyrtusaropa, Hanpumep, 11-A0-17-3D-BC-01. Otu aapeca
HA3HAYAIOTCS MPOU3BOIUTEIAMU 000PYAOBaHUS U SBIISIOTCS YHUKAIBHBIMU
agpecaMy, TaK KakK YIPAaBISIOTCS  LEHTpaiau3oBaHHO. Jlisg  Bcex
CYIIECTBYIOIINX TEXHOJOTHH JOKanbHBIX ceTeit MAC-anpec umeer popmar
6 OaiiToB: ctapume 3 Oaiita - UACHTUPUKATOP (PUPMBI MPOU3BOIUTENS, a
miaamme 3 OaliTa Ha3HAyalOTCd  YHUKAIbHBIM — 00pa3oM  camMuM
IPOU3BOIUTEIIEM.
IP-anpec, cocrosmuit u3 4 Oait, Hampumep, 109.26.17.100. DtoT amapec
UCITIOJIB3YETCSl Ha ceTeBOM ypoBHE. OH Ha3HadaeTcs aAMUHUCTPATOPOM BO
BpeMsi KOH(QUI'ypHpOBaHUS KOMIIBIOTEPOB M MaplupyTtuszatopoB. [P-ampec
COCTOMT M3 JABYX YacTeW: HOMepa ceTH U HoMmepa y3na. Homep cetn Moxer
ObITh BBIOpaH aJMUHUCTPATOPOM MPOU3BOJIBHO, JMOO HAa3HAYEH 110
peKOMEHJaIMu  crenuaibHoro — monpasfeneHust  Internet  (Network
Information Center, NIC), ecnu ceTb q0/KHA pabOTaTh KaK COCTaBHAs 4acTh
Internet. OObIUHO TpoBaiepsl ycayr Internet mosiydaroT auamna3oHbI
aapecoB y noapazaeneHuid NIC, a 3areMm pacnpenensitoT UX MEXy CBOUMH
aOOHEHTaMHU.

Howmep y3ma B potokosie [P Ha3HavaeTcss He3aBUCHMO OT JIOKAJIBHOTO ajpeca

y3na. Jlenenue IP-agpeca Ha mone HOMEpa ceTh W HOMepa y3ia - TuOkoe, U
rpaHulla MEXAY 3TUMH MOJSIMU MOXKET YCTAHABIMBATHCS BEChbMa MPOU3BOJIHHO.
VY3en Mo)keT BXOAUTh B HECKOIBbKO [P-cereii. B 3ToM ciydae y3en 10mKeH UMETh
Heckonbko [P-ampecoB, mo umciy cereBbix cBszed. Takum oOpasom, [P-aapec
XapaKTEepU3yeT HE OTACIbHBIA KOMIBIOTEP WM MAPLIPYTU3ATOP, & OJHO CETEBOE

COCIUHCHUC.
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o CumMmBouabHbIi naeHTHGUKATOP-UMS, Hanpumep, SERVI.IBM.COM. Otot
aapec HA3HA4YaeTCs aJIMHHUCTPATOPOM M COCTOHUT U3 HECKOJBKHMX YacCTEW,
HarpuMep, UMEHU MAalllMHbl, MMEHU OpraHW3aliy, UMEHU AOMeEHa. Takou
anpec, Ha3piBaeMblii Takke DNS-nMeHeM, MCnoisib3yercs Ha MNPUKIATHOM
ypoOBHe, HanpuMep, B ipoTokosax FTP unm telnet.

3.5. Iporokobl ARP u RARP

B mporokone I[P-ampec y3ma, T. €. aapec KOMOBIOTEpa WM MOPTa
MapHIpyTH3aTOpa, Ha3HAYAETCS MPOU3BOIBHO aIMUHUCTPATOPOM CETH U MPSIMO HE
CBs3aH C €ro JOKaIbHBIM aapecoM. [lomxom, ucmome3yembiii B IP, ymoOHO
MCIIOJIB30BaTh B KPYIMHBIX CETSAX W MO MPUYMHE €r0 HE3aBUCUMOCTH OT dopmara
JIOKAJIBHOTO aJipeca, W M0 MPUYMHE CTa0MIBHOCTH, TaK KaK B MIPOTUBHOM CIyyae,
P CMEHE Ha KOMIIBIOTEPE CETEBOTO afanTepa 3TO UBMEHEHHE JOJIKHBI Obl ObLIN
YUYHUTBIBaTh BCE aJpecaThl BCeMUPHOU ceTu Internet (B TOM ciydae, KOHEUHO, €CIU
CeTh MOJKII0UeHA K Internet'y).

JlokanpHBIA aznpec HUCHONB3yeTCA B INpoTokone I[P Tompko B mpepemax
JIOKAJIBHOM CeTU MpU OOMEHE JTAaHHBIMU MEXIAY MapIIpyTH3aTOPOM U Y3JIOM 3TOMH
cetd. MapmpyTuszaTop, IMOJIYyYHMB MakeT [ y3Jda OJHOW HW3  CETEH,
HENOCPEACTBEHHO MOJKJIIOUYEHHBIX K €ro MopTaM, JOJDKEH IS Mepefayd MaKera
chopMHpOBaTh KaJip B COOTBETCTBUM C TPEOOBAHUAMH IPHUHATON B ITOH CETH
TEXHOJIOTUHU U yKa3aTh B HEM JIOKAJIbHBIN agpec y3ia, Hanpumep, ero MAC-aapec.
B npumenmem nakere 3TOT aApec HE yKas3aH, O3TOMY IEpe] MapluIpyTU3aTOPOM
BCTAET 3a/a4a MOMCKa €ro rno u3BectHomy IP-ampecy, KOTOpBIN yKa3aH B aKeTe B
Ka4yecTBe ajipeca Ha3HaueHUsl. C aHAJIOTMYHOM 3a/1a4e€il CTAIKUBAETCS U KOHEUHBIN
y3€JI, KOTJa OH XOYET OTHPABUTh MAKET B YIAJIEHHYIO CETh YEPE3 MAPLIPYTU3ATOD,
TOJIKJIFOYEHHBIN K TOM K€ JIOKAIBHOW CETH, UTO U JAHHBIN y3€EIl.

J{ns onpenenenus JIOKanpbHOTro aapeca no IP-agpecy ucnonb3yercst mpoOTOKOI
paspemenus anpeca Address Resolution Protocol, ARP. Ilpotokon ARP paboraer
paziuyHbiM 00pa3oM B 3aBUCUMOCTH OT TOrO, KaKOW MPOTOKOJ KaHAJIbHOIO
YpOBHsI paboTaeT B JaHHOW ceTu - mpoTokos jokanbHOU cetu (Ethernet, Token

Ring, FDDI) ¢ BO3MOHOCTBIO HTUPOKOBEIIATEILHOTO TOCTYMa OJHOBPEMEHHO KO
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BCceM y3i1aM ceTu. CyllecTByeT TaKXe MPOTOKOJ, PEIIAOIINI 00paTHYO 3ada4y, -
HaxoxaeHue [P-anpeca mo wm3BecTHOMY JOKainbHOMY azapecy. OH Ha3bIBaeTCs
peBepcuBHbli  ARP - RARP (Reverse Address Resolution Protocol) n
UCIIOJB3YETCSl TPU CTapTe OE3AUCKOBBIX CTAHIMN, HE 3HAIOMIMX B HaudalbHBIN
MOMEHT cBoero [P-agpeca, HO 3HAIOIMIMX aJIPEC CBOETO CETEBOrO aIaNTePA.

B nokanbHBIX ceTssx npoTokon ARP ucnonb3yeT MIMPOKOBEIIATEIbHbBIE
KaJpbl MMPOTOKOJIA KAHAIBHOTO YPOBHSI Ui MTOMCKA B CETH y3Jla C 3aJaHHbIM [P-
aZpeCcOM.

VY3en, KOTOpOMy HYKHO BBITIOTHUTH oToOpaxkeHue IP-anpeca Ha nmokanbHbBIN
aapec, hopmupyer ARP 3ampoc, BKIIaIbIBa€T €ro B KaJp MPOTOKOJIa KaHAJIBHOTO
YpOBHS, VyKa3piBasg B HeM wu3BecTHbIM I[P-ampec, W pacceuiaer 3ampoc
IIMPOKOBEIIATENbHO. Bcee y3mbl nokansHOM cetn mnonydaroT ARP-3ampoc m
CpPaBHHUBAIOT yKa3aHHbIN TaMm [P-anpec ¢ cobctBeHHBIM. B ciiydae ux coBmaaeHus
y3en ¢opmupyer ARP-oTBer, B KOoTOpOM yKa3biBaeT cBod I[P-aapec u cBoit
JIOKaJIbHBIN aJpec, U OTHPABISET €r0 YK€ HAIpaBJIEHHO, Tak Kak B ARP-3ampoce
OTHPABUTENb YKa3blBA€T CBOW JIOKAIbHBIM anpec. ARP-3ampocsl U OTBETHI
UCIIOJIB3YIOT OJUH M TOT e (popMar nmakera. Tak Kak JIOKaJIbHbIE apeca MOTYT B
Pa3TUYHBIX TUIAX CETEH MMETh PA3IMUHYIO JUIMHY, TO (popMaT makera mpoToKoJa

ARP 3aBuCHT OT THIIA CETH.
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4. CETEBBIE ITPOTOKOJIBI

4.1. [IporokoJ mexkceTeBoro B3aumoaeiicreusi IP

OcHOBY TpaHCHOPTHBIX CpeAacTB creka mnpoTokoioB TCP/IP cocrammser

MPOTOKOJ MexceTeBoro B3anmojeicTBus [P. K ocHOBHBIM QyHKITMAM MPOTOKOJIA

[P oTHOCSTCS IPUCBOEHUE U PaCIIO3HABAHUE AJPECOB, a TakKe cOOpKa U pa3zdopka

IIaKCTOB. HOCJ’IGI[HHH (bYHKHI/Iﬂ H€O6XOI[I/IMa B TOM CcClIydac, KOrjga IIaKCThI

dbopMHpYIOTCS B OJHOM CEeTM M TEpeNaroTcs yepe3 JIPYyrylo CeTb, B KOTOPOM

MaKCHUMaJIbHad JJIMHA I1aKCTa MCHBIIIC.

Crpykrypa nakera IP npencrasnena Ha puc. 4.1. Haznadenue moneu 3Toro

IMaKeTa CJIICAYIOMICC!

Homep 6epcuu yxaspiBaeT Bepcuto nporokona IP.

Jlnuna 3aconoeka makera I[P wmeHseTca B 3aBUCHUMOCTH OT 4HCJa
napameTpoB.

[lone Tun cepsuca 3amaet Buj oOchmyxkuBaHUs. B HemM mpemycMOTpeHbI
OWTHl yKa3aHWS 3aaepKKU Tiepenadd, OWTHl TPOWM3BOAUTEILHOCTH W
HAJKHOCTH JIOKAIBHOH CETH. OTH OWTHl HCIOJB3YIOTCS IS 3a7aHus
MPUOPUTETOB MpU (POPMUPOBAHUU MapIIpyTa, HANPUMEpP, B KadeCTBE
KpUTEpHUs BbIOOpA MapuIpyTa MOXET ObITh 3aJlaHa JIMOO JJIMHA MaplIpyTa,
100 HAZIEKHOCTD, TUOO0 COATAHCUPOBAHHOCTH TpaduKa.

Obwas OnuHna TakeTa ¢ y4eTOM 3arojioBKa U MoJIsl JTaHHBIX

Ilone Hoenmugpuxamop nakema WCNONB3YETCS JIA PpPaclO3HABAHUS
poayOIMPOBAaHHBIX TIAKETOB, a TAK)KE IMPH PACIIO3HABAHWUU OJWHAKOBBIX
MAaKeTOB, MOJYYUBIIUXCS MOcie hparMeHTaII|H.

@nae yka3plBaeT Ha I1€J€CO00Pa3HOCTh ()parMEHTAIMM TaKeTa, a TaKkKe
HaJIMYHUE WU OTCYTCTBHE MOCIICTYIOIINX MMAKETOB MpHU (hparMeHTAIUH.

[Tone Cmewenue gpacmenma MCHOAB3YETCS ISl YKa3aHMs KOJIMYECTBA

0aliToOB makeTa, IePeTaHHBIX 10 €ro (pparMeHTaIUH.
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1) Bepcus npotokona

2) InuHa 3arojoBKa

3) Tum cepBuca

4) Obmuras mmHA

5) Unentudukatop nakera

6) dnar

7) Cmemienue pparmeHTa

8) Bpems xu3Hu

9) IIpoTOKOI BEPXHETO YPOBHS

10) KontponbHasg cymma

11) Anpec ucrounuka

12) Anpec Ha3HaueHUs

13) Peseps

14) JlanHblie

] - KpHUTEpHH MapIIpyTH3alUH

| | | | | (MHAa  TyTH,  HAJEKHOCTb,
Gananc Tpaduka u T.1L.)

16

@ - IpHU3HaK (parMeHTaun

13

L H\

- OCTaBIIEEC BPEMA KU3HU

CwmerieHue oT
Hayvaja BCEero
CcOOO0MICHUS

16

32

a2

32

32

Puc. 4.1. Ctpykrypa nakera npotokona [P
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o Ilone Bpemsa owcusnu yKas3blBaeT MNPOAOHKUTEIBHOCTh U3HHU JAHHOTO
nakera u 3amaercs nporokonom I[P mcrounmka nepenaun. Ha numrozax u B
JAPYIUX y3JaX CETH II0 UCTEUYCHHH KaXKJIOM CEKYyHJBl OT TEKYLIETO BPEMEHU
JKU3HM BBIYUTACTCS CIMHMIA;, €AUHUIA BBIYMTACTCS TAKXKE INPU KaXI0H
TPaH3UTHOM Tepenaye (ake eciau He mpomuia cekyHaa). Ilpu mcreuenun
CPOKa JKM3HH aKeT aHHYJINPYETCS.

e lnentuduxatop makera npomoxona 6epxHe2o ypoeHs YKa3bIBaeT, KaKOMY
IIPOTOKOJTY BBICOKOTO YPOBHS TPUHAJIEKUT MAKET.

o Koumpoavhas cymma pacCUUTHIBAETCS 110 BCEMY 3arOJOBKY.

® Aodpec ucmouHuxa u aopec HAa3HaAueHus UMEIOT OJUHAKOBYIO JJIMHY - 32
OuTa U OAMHAKOBYIO CTPYKTYPY.

IP - anpec cocrout u3 4 0aiiToB (puc. 4.2) U 3aMKUCHIBAETCS B BUJIE YETHIPEX
quCell, COAEepKAIIUXCS B KaXK/10M OaiiTe, pa3/IelIeHHbIX TOUKaMH, HAalIpUMeEp:

128.10.2.30 - necaruunas ¢hopma mpeacTaBiIEHUS apeca,

10000000 00001010 00000010 00011110 - nBouuHas popma.

| BaiT 1 | Baiit 2 Baiat 3 | BaiaT 4 |
Knacc A |0] Necetw M2 yana
Knacc B |10 Me ceTn MNe yana
Knacc C 1110 Me ceTn Ne yana
Knacc D 1110 agpec multicasting
Knacec E [1[1|1[1]0 3apesepenpoBaH

Puc. 4.2. Ctpykrypa nakera npotokona [P
Anpec COCTOUT U3 ABYX JIOTMYECKUX YacTE - HOMEpA CETH U HOMEpa y3ja B
cetu. Kakast yactp ajgpeca OTHOCUTCSI K HOMEpY CETH, a Kakas - K HOMEpY y3Ja,
OTIpe/eNseTCs 3HAaUCHUAMHU NIEPBBIX OUT azipeca:
e Ecnu agpec Haunnaercst ¢ 0, To ceTb OTHOCSAT K Kiaccy A, HOMEp CeTU
3aHUMAaeT OAWH OalT, ocTajbHble 3 OaliTa MHTEPHIPETUPYIOTCS Kak

HOMCp y3Jjla B CCTHU. N3 sToro CJIeaAyeT, 4TO CCTU KJIacCa A umeror
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HOMepa B Auana3zoHe ot 1 qo 127. B ceTsax knacca A KOJIMYECTBO y3JI0B
JIOJIKHO OBITH OOJIBIIIE 21 _pe MIPEBBIIIAs 2%,

e Ecnu nepsbie n1Ba 6uta agpeca paBHbl 10, TO C€Th OTHOCUTCS K KJaccy
B U SIBISETCS CETHIO CPEIHHX Pa3sMepoB ¢ umcioM y3io 2° — 2'°. B
ceTsix kimacca B mox aapec cetu orBogutcs 14 oOwmr, T. €. P ceTel, a
o ajapec yzia — 16 Our.

e Ecam anpec HaunHaercs ¢ nocienoBarensHoctd 110, To ceTh - Kitacca
C, B KOTOpOW HE MOKET OBbITh OOJbIlIe, ueM 256 y3J0B, a MOJ ajapec
CeTH OTBOAUTCS 21 TBOMYHBIN pa3psia.

e Eme wumerorcs aBa tumna [P-agpecoB: aapec kimacca D, koTopslii
HaunHaeTcs ¢ nocienoBarenbHocTr 1110 u o603HavyaeT ocoOwIil aapec
multicasting, u anpec knacca E, koropsiit HaunHaercs ¢ koga 11110 u
3ape3epBUPOBAH JIJIs1 Oy AYIIUX TPUMEHEHMUIA.

Takast cTpyKTypa ajpeca IMO3BOJISIET MaplIpyTU3aTOpaM OYE€Hb OBICTPO M3
BIlIekath u3 [P-aapeca agpec ceru.

Jlo ATOTO MBI CUMTAIM, YTO KAXJOMY Yy3J1y CETH COOTBETCTBYEeT oauH IP-
aapec. OqHaKo, Kak OBITH C MapIIPyTU3aTOPOM, KOTOPBIM CBS3HIBAET HECKOJIBKO
cereil? Jlerko mpencTaBUTh M TAKyK CUTYalMIO0, KOTJa KOMIIBIOTED BXOJIUT B
HECKOJIBKO ceTeil. B 3ToM ciydae ceTreBol y3esl JOJHKEH MMETh HECKOJbKO IP-
aZpecoB, TI0 YUCITY CeTeBbIX cBs3el. Takum obpazom, IP-aapec xapakrepusyer
He OTAeJbHbIH KOMIBLIOTEP WJIH MApPHIPYTU3AaTOpP, a4 OJHO CceTeBoe
coelMHEeHue.

B mporokone IP cymectByer HECKONBKO coryameHuii o0 ocoboi
uHtepnperaunu IP-agpecos:

1) ecnmu IP-agpec COCTOMT TOJIBKO M3 JBOWYHBIX HYJEH, TO OH 0003HAYaeT

TOT y3€lII, KOTOpBIﬁ CITCHECPHUPOBAJI 3TOT IMAKCT:

000 0
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2) ecnu B moje Homepa ceTd cTosT 0, TO MHTEPHPETUPYETCS TOJBKO HOMED
y3J1a U MPEAIoIaracTcs, YTo ITOT y3eJ MPUHAIJIEKAT TOW KE CAMOM CETH, YTO U

y3eJ1, KOTOPBI OTIPABUII MTAKET:

000 0 Homep yana

3) ecnu Bce naBouuHble pazpsabl [P-agpeca paBHbl 1, TO 3TOT makeT
MOCBUIAETCS. BCEM Y3JIaM, HO TOJIbKO OTHOCSAIIIUMCS K JAHHOW CeTH (OrpaHUYE€HHOE

IIMPOKOBEIIaTeNIbHOE coobiieHue - limited broadcast):

111 1

4) ecnu cruioniHble 1 (€IMHUIBI) CTOST TOJILKO B MOJIE ajJpeca y3ia, TO 3TO
O3HayaeT IIMPOKOBEIIATECIILHOEC COOOIIEHUE IS Y3JI0B CETH C 3aJaHHBIM

HOMEPOM:

Homep ceti 111 1

5) eme ogun aapec 127.0.0.1 3apesepBupoBaH 1jisi 0003HAYEHUS OOPATHOM
cBsi3u — Loopback (3ambikaHue Ha ce0s).

Vxe ynomunaBmasics ¢opma IP-ampeca - multicasting - o3Haudaer, 4TO
JAHHBIM TMaKeT MOJDKEH OBITh JOCTABJIEH Cpa3y HECKOJBKMM Y37aMm, KOTOpbIE
o0Opa3yloT rpymmy, ¢ HOMEpOM, YyKa3aHHbIM B Tojie multicasting. Y3mel camu
UACHTUUUUPYIOT ce0s, T. €. ONpPEeNeNstoT, K KaKOH M3 TPYII OHU OTHOCSTCA.
OauH U TOT € y3€Jl MOXKET BXOIAUTh B HECKOJBbKO rpymi. Takue cooOleHus, B
OTJINYKE OT MIMPOKOBEUIATEIbHBIX, HA3bIBAIOTCA MYJIbTUBEIIATEIbHBIMHU.

Hy»xHo 3ameTuTh, 4TO aapeca KOMIBIOTEPOB B MoAcETIX KiaaccoB A, B u C He
MOTYT OBITh HYJICBBIMHU, HOMED CETH y3J1a TaK e HE MOXKET ObITh HYJICBBIM.

B 1a6:7. 4.1 npuBeneHbI 1Uama3oHbl aAPECOB JUIsl BCEX KIIACCOB CETEH.
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Taomuma 4.1

Jlnana3oHbI aIpeCcOB

Knace | Haumenbiumid aapec Haubosabmmuii agpec
A 1.0.0.0 126.0.0.0

B 128.0.0.0 191.255.0.0

C 192.0.0.0 223.255.255.0

D 224.0.0.0 239.255.255.255

E 240.0.0.0 247.255.255.255

Homep cetn Ha3zHawaeTcs crenuainbHbIM nonapasneneHueM Network Infor-
mation Center (NIC). bonpimme cetu monydaroT ajapeca kiacca A, CpeiaHHe -
kiacca B, a manenpkue - knacca C. IlomyyuB HOMEp, CETEBOW AIMHHUCTPATOP
4acTO CTaJKUBAEeTCs C NPOOJIEeMOi, KakuM 00pa3oM JIOKalM30BaTh Tpaduk B
HEKOTOpPBIX 4YacTAX cBoedl ceTu. PemieHne MoxeT OBITh HaAWACHO MyTeM
UCIIOJIB30BaHUs TaK HA3bIBAEMBIX MAcCOK, KOTOpPbIC IMO3BOJISIIOT JEIUTh CETh Ha
MOJICETH.

Macka - 3T0 4uC0, IBOMYHAS 3alIUCh KOTOPOTO COJIEPKUT «eAMHUUBD» B TEX
paspsiax, KOTOpble HHTEPIPETUPYIOTCS KaK aJpec CeTH, a «HYJIW» B TEX, KOTOPBIE
OTBOJSTCS MO HOMeEP y3J1a.

Hanpumep:

255.0.0.0 - macka a1 ceTH Kjacca A,

255.255.0.0 - macka miis cetu knacca B,

255.255.255.0 - macka mig cetu kiacca C.

YCTaHOBMB HOBO€ 3HAYE€HHE MAaCKH, MOXHO 3aCTaBUTh MapIIpyTU3aTOP
UHTEPIIPETUPOBATh ajJpec Mo-Ipyromy. Hampumep, mycTh CETh OTHOCHUTCS K
kiaccy B. B oxgHoit cetu nupkynupyet enunbiii Tpaduk. Ho cpenu Beex cranmmii
CETH €CTb HEKOTOphIe, c1ab0 B3aUMMOJEHCTBYIOIIUE MEXKIYy COOOW. ITHU CTAHIIMH
YKeJaTeIbHO U30JIMPOBaTh B pa3HbIX ceTsX. [lycTs 310 OyayT y3en 129.34.17.15 u
y3en 129.34.20.01, koTtopble B HMCXOAHON CUTyallUHM OTHOCSITCS K OJHOUN CeTH
kiacca B ¢ Homepom 129.34. Eciu 3agaTh B kKauecTBE Macku uncio 255. 255.255,

TO ajipeca ATUX JBYX Y3JIOB OyJIyT MHTEPIPETUPOBATHCSI MapIIPyTU3aTOPAMU KaK
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aapeca y3na 15 ceru knacca C ¢ Homepom 129.34.17 u y3na 01 ceru knacca C ¢

HoMmepoMm 129.34.20. H3BHe ceTh mo-npekHeMy OyAeT BBITIIAACTh KaKk e€IUHas CEeTh

kjacca B, a Ha MecTHOM ypoBHE 3TO OyJIeT HECKOJIBKO OTJIEIbHBIX ceTel kiacca C.
Komanga PING

JIns mpoBepKH HAIMYKUA B CETH y3J1a npeaHa3HadeHa komanaa PING.

UToOBI BOCMOIB30BATHCS JIAHHOM KOMaHI0M, HEOOXOAUMO BBIOpATh IYHKT
«BBIMIOJIHUTBE» M3 MEHIO «Iyck». [lociie uero BBECTM HEOOXOIUMYIO KOMaHIY,
HaIpuMep:

PING 192.168.0.1
PING rambler.ru

4.2. lIporoxkon DHCP

Kak yxe Obl1o ykazano, IP-agpeca moryT HazHauaTbCs aJIMHHHCTPATOPOM
CETM BpPYYHYIO. OTO TMPEACTaBISIET A aJIMHUHUCTPATOPA YTOMUTEIbHYIO
npouenypy. Curyanusi yCIOXKHSETCS €IIe TE€M, YTO MHOTME ITOJb30BaTEIId HE
00Ja1at0T JTOCTATOYHBIMU 3HAHUAMH JUIsI TOTO, YTOOBI KOH(UTYpHUpPOBaTH CBOU
KOMIBIOTEPHI JJIsl paOOThl B MHTEPCETH, W JOJDKHBI TMOITOMY IOjaraThCs Ha
aIMUHUCTPATOPOB.

[Iporokon Dynamic Host Configuration Protocol (DHCP) 6b11 pazpaboTan
JUIsL TOro, 4TOObl OCBOOOAMTH AJAMUHHUCTPATOpa OT 3TUX MNpodsieM. OCHOBHBIM
HazHaueHueM DHCP sBnsiercs nuHamudeckoe HazHaueHue IP-ampecoB. OmHaxo,
kpoMe nuHamudeckoro, DHCP moxeT nmoanepxuBath v 0ojiee MpOoCThie CIIOCOObI
PYYHOTO M aBTOMATHYECKOTO CTATUYECKOTO HA3HAYEHUSI aPECOB.

B pyuHOli mpouenype Ha3HAY€HUsI apPECOB AKTUBHOE yYaCTHE MPUHHUMAET
aMUHUCTpATOp, KoTopwi mpenoctaBisier DHCP-cepepy wuHbopmanuio o
cootBeTcTBUM [P-aapecoB dusmueckum ampecam WU IPYyTrdM HACHTH(PUKATOPAM
KJIIMEHTOB. DTU ajpeca COOOIarTCs KIUeHTaM B OTBET Ha ux 3arpocskl k DHCP-
cepBepy.

[Tpu aBTOMaTHueckoM cratudeckom criocooe DHCP-cepBep npucauBaet 1P-

aapec (M, BO3MOXHO, JpYrue MapaMerpbl KOHQUTypaluuu KIHEHTa) U3 Iyjia

45



HannueblX  [P-agpecoB 0e3 BmemiatenscTBa omeparopa. [ 'paHUWIBI  myna
Ha3HA4YaeMbIX aJIpECOB 3a/aeT aMHUHHCTpaTop mpu KoHpurypupoBanuu DHCP-
cepBepa. Mexny uaeHTU(hUKATOpOM KiMeHTa U ero IP-aapecom mo-mpexHemy,
KaKk U MpU PYYHOM HA3HAYEHUU, CYIIECTBYET IMOCTOSIHHOE COOTBeTcTBUE. OHO
YCTaHAaBJIMBAETCS B MOMEHT INepBUYHOr0 HazHaueHus cepsepom DHCP IP-aapeca
KJIHEeHTY. [Ipu Bcex mocneayromux 3anpocax CEpBEP BO3BPAILIAET TOT K€ CaMbld
[P-anpec.

[Ipn nuHamuueckoM pactpenenenun aapecoB DHCP-cepBep Bblmaer anpec
KJIMEHTY Ha OTPAaHUYECHHOE BPEMs, YTO [JIA€T BO3MOXKHOCTbH BIIOCIIE/ICTBUU
IIOBTOPHO HCHOJIb30BaTh [P-ampeca apyrumMm KommeroTepamu. JnMHamMuyeckoe
paszeneHue agpecoB IMO3BOJAET CTPOUTh [P-ceTh, KOIMYecTBO y3710B B KOTOPOH
HAMHOTO MPEBBIIIAET KOTUYECTBO UMEIOIIUXCS B PACIIOPSKEHUN aJIMUHUCTPATOpa
[P-agpecos.

DHCP obecnieunBaeT HaJleKHBIM M MPOCTOM CMOcO0 KOHGUTYpaluu CeTH
TCP/IP,  rapanTupysd  OTCYTCTBUE  KOH(JIMKTOB  agpecoB  3a  CYET
LHEHTPAJU30BaHHOIO  YINPABJICHUS HMX  PACOpPEACIICHHEM. AJIMUHUCTPATOP
yOpaBiIseT MPOLIECCOM  HA3HAYEHUs aAPEcCOB €  IOMOIIBIO  IapaMeTpa
"mponomkutensHOCTH apeHbl" (lease duration), KOTOpBIN ONMpeneNsieT, KaK JI0JIro
KOMIIBIOTEp MOXET MCIOJIb30BaTh Ha3HaueHHbIN [P-anpec, mepen teM kKak CHOBa
3anpocuTth ero ot cepsepa DHCP B apenny.

[Tpumepom pabotel mporokona DHCP moxer ciaykuThb cuTyanus, KOrjaa
KommbtoTep, sBistommiicss kiueHtoM DHCP, ynansercs w3z nmoaceru. llpu stom
Ha3HayeHHbIN eMy [P-aapec aBTomaTuuecku ocBobOoxknaercs. Korma kommbrotep
MOJKIJIFOYAETCS K JIPYroM IMOJICETH, TO €My aBTOMAaTHYECKH HA3HAYAETCS HOBBIU
aapec. Hu monp3oBaTenp, HU CETEBOW aJIMUHUCTPATOP HE BMEIIMBAIOTCA B ATOT
IIpoIIecC. DTO CBOMCTBO OYEHb BAXKHO JIJIT MOOMJILHBIX MOJIb30BaTEICH.

[Ipotokon DHCP wucnonb3yeT Monenb KIHEHT-cepBep. Bo Bpems crapra
cucteMbl  kommbtotep-kiaueHT — DHCP, HAXOMSAIIUUCA B COCTOSHUH
"uHUIMaIM3anua", mocelIaeT coodmenne discover (HMcclemoBaTh), KOTOPOE

IIMPOKOBEUIATENEHO PACHPOCTPAHSIETCS 10 JIOKAJbHOM CETH M IMepeaaeTcsl BCeM
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DHCP-cepBepam uactHoii uatepcetu. Kaxnapiii DHCP-cepBep, nosyduBIIMidA 3TO
cooOIeHre, OTBEYaeT Ha Hero cooOmieHuem offer (mpemoskenue), KOTOpoe
conepxxuT [P-anpec u KoHPUTYparmoOHHYI0 HH(POPMALIHIO.

Komneiorep-kimnent DHCP mepexoaut B coctosinue "BbiOOp" u coOupaer
KoH(purypanronnsie npennoxenus or DHCP-cepBepoB. 3aTtem oH BbIOMpaeT 0aHO
U3 JTUX MPEIJIOKEHUM, IEPEXOJUT B COCTOSIHME '3ampoc" H  OTHpaBisieT
coobmenne request (3ampoc) tomy DHCP-cepBepy, ube mnpemioxeHue ObLIO
BBIOpaHO.

Bri6panusiii DHCP-cepep mocbutaer coobmenue DHCP-acknowledgment
(monTBepkIeHUE), cojaeprkaiiee TOT ke IP-aapec, KOTOpwIM yxe ObUI MOCIaH
paHee Ha CTaAuu UCCIEOOBAHUS, a TAKXKE MapaMeTp apeH[Ibl JJIS 3TOro ajapeca.
Kpome toro, DHCP-cepBep nocelnaeT napameTpsl ceteBoil kondurypanuu. [locne
TOro, KaK KJIMEHT MOJYYUT 3TO IMOJTBEPKICHHE, OH IEPEXOAUT B COCTOSHUE
"cBs3b", HAXOISCh B KOTOPOM, OH MOXET NMPUHUMATh y4dacTue B paboTe ceTH
TCP/IP. KoMIIbIOTEPHI-KJIUEHTHI, KOTOPbIE UMEIOT JOKAIbHBIE TUCKH, COXPAHSIOT
MOJYYEHHBIA aJpec ISl UCIOJIb30BAHUS MPH IMOCIEAYIOUIMX CTAPTaX CUCTEMBI.
[Ipn npuOIMKEHUH MOMEHTa HCTEYEHHUS CpOKa apeH[bl aapeca, KOMIIbIOTEp
nbeITaeTcsi OOHOBUTH mapameTpsl apenasl y DHCP-cepepa, a eciau atot [P-aapec
HE MOXET OBITh BBIICIICH CHOBA, TO €My Bo3Bpaiaercs apyrou [P-ampec.

B nporokone DHCP onuceiBaeTcsi HECKOJIBKO THUIIOB COOOIIEHHI, KOTOpbIE
UCTIONIB3YIOTCSL Il oOHapyxkenusi u BbiOopa DHCP-cepBepoB, myis 3ampocoB
uH(popMauu O KOH(PUTYpauuu, s MPOMJIECHUS M JOCPOYHOrO MpEeKpallieHHs
nmuuen3uu Ha [P-agpec. Bee atu onepanuu HanpapiieHbl Ha TO, YTOOBI OCBOOOIUTH
aAMUHUCTpATOpa CETH OT YTOMHUTEIbHBIX PYTUHHBIX  ONEpaluid 1o
KOH(UTypUPOBAHUIO CETH.

Opnnako ucnonszoBanue DHCP Hecer B cebe m HekoTophie TpodeMbl. Bo-
MEepBBIX, ATO TpobiiemMa corjacoBaHUs WH()OPMAIMOHHOW aapecHOW O0asbl B
ciyk6ax DHCP u DNS. Kak wuzBectHo, DNS cayxut mns npeoOpa3zoBaHUs

CUMBOJIbHBIX UMeH B [P-anpeca. Eciau [P-anpeca OyayT nuHaMuuecku M3MEHSATHCS
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cepsepom DHCP, To 3T n3meHeHus1 HEOOXOANMMO TaK)Ke TUHAMHYECKH BHOCHUTD B
0a3y naHHbIx cepBepa DNS.

Bo-BTOphIX, HecTabuinpHOCTH [P-afpecoB ycnoKHSAET Mpolecc YyNpaBiIeHUs
ceTbto. CUCTEMBI yNPaBICHHSI, OCHOBAHHbBIE HAa TIpoToKosue SNMP, pa3paboTaHsl ¢
pacdyeToM Ha cTtaTU4HOCThH [P-anpecoB. AHamornynsle mpoOjeMbl BO3HHUKAIOT U
IpU KOH(PUTypUPOBAHUHU (PUITBTPOB MapIIPYTU3ATOPOB, KOTOPBIE ONEpUpYIOT ¢ IP-
azpecamu.

Hakonen, uneHTpasM3anuss NOpoOLEAypbl Ha3HAYEHUs aIpEecOB CHUKAET
HaJKHOCTh cucTeMbl: pu oTkaze DHCP-cepBepa Bce ero KIIMEeHThl 0Ka3bIBalOTCS
HE B COCTOSHMM NonyuuTh [P-anpec u npyryiro mnHpopmanuioo o KOHPUTYpauuu.
[TocneacTBusl TaKOro OTKa3a MOTYT ObITh YMEHBUIEHBI IIyTEM HCIOJB30BaHUU B
cetn HecKoJbkux cepBepoB DHCP, kaxnaplii U3 KOTOPBIX MMeEET CBOM mys [P-
aJpecoB.

4.3. lIporokoa ICMP

ICMP (Internet Control Message Protocol) - mpoTokos ymnpaBisironiux
COOOILIEHUH.

KoMmbroTep noiayyaeTr ux MocTOSTHHO, & MHOT/IA ¥ OTIIPABIISET, HAIIPUMED:

o Ecmum anpec He noctyneH, Bel noinyvaete coodmenne ICMP.
o Ecmm mopt He noctyneH, BeI noiydaete coodmenue ICMP.
o Ecnu none3yerech KOMaH101 ping, BbI osyvaete coodmenne ICMP u T.1.

Coobmenne ICMP unkancynupyercs npsimo B IP- maker (mosie 1aHHBIX), T.€.
MPOTOKOJIBI TPAHCHIOPTHOT'O YPOBHS HE UCHOJIB3YIOTCS.

[Iporokon ICMP npencraBnsier co00il MEXaHU3M Iepeaayr cooOLEeHui 00
omunOKax, KOTOPbIe BO3HUKAIOT B Tpollecce MHPOPMAIMOHHOTO OOMEHa B CETH
Internet. Ha pnaHHBII npoTOKON HE BO3JararoTcs (QYHKIMM JIOKAIW3AlUU U
yCTpaHEHUS IPUYHH, KOTOPBIE MIPUBEIHN K BOSHUKHOBEHHIO 3TUX OIIMOOK.

Coo0ieHus nenstes Ha JABa TUIIA:

o [Ilapusbie (Bompoc/oTBeT)
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« Hemnapueie (Hampumep: mNockuIaeTe 3ampoc K CEPBEPY, HO CEpBEp HE
JOCTYTEH, U MOCIAeAHUN MapuipyTtu3arop (wiu cepsep) ornpaisier I[CMP-
coobmenue (Destination Unreachable) Bam)

Coobmenne Time Exceeded — (ucTekio BpeMs) MPUHAJICKUT K HEMApHBIM
coobmenusiMm ICMP. Dto coobiienne 10KHO ObITh CHOPMUPOBAHO B TOM CiIyvae,
eclIM B IIpollecce IMepenayu JedTarpaMMbl HCTEKJIO JOIyCTUMOE BpeMs €
CYIIIECTBOBAHMS B CETH HJIM Ha XOCTE.

Hemapnoe cooOmienue ¢dopmMupyercs, ecid 3arojoBok [P-meiTorpamMmbl
COZIEPKUAT HEBEPHBIN MapAMETP.

Henaprnoe cooOmenne ¢GopMHupyeTcsi, €ClIM BO3HUKIA Ieperpyska
MapHipyTH3aTopa, IMaKeT HE MOXET ObIThb MmoMelieH B Oydep, Tak Kak OH
NEPETOTHEH.

Henapnoe coobiienue hopmupyercs, eciau U3MEHEH MapIIpyT JIs MaKeTa.

Hampumep (puc. 4.3), xoct A(10.40.0.2) otnpaBnser naedTarpamMmy B
Hanpasienun xocta B(10.10.0.2), ucmonws3yst 1jsi 3TOro B KadecTBE IILII03a
mapmipytuzarop R2. Ilocme Toro, kak mapmpyrtuzarop R2  momyuaer
nefTarpaMMmy, OH ONpeIeseT, 4YTO JaHHas JedTarpamMma ajpecoBaHa B
Harnpasieaun 10.10.0.0. KpaTuaitmmii MapuipyT [uisi JOCTHKEHUS 3TOW CETH IS
MapuipyTtu3atopa R2 nexur uepe3 mapuipytuszatop R4, KOTopblii B JaHHOM

CJIy4dac IMOAKIKOYCH K TOMY CETMCHTY CC€THU, U3 KOTOPOT'O Obl1a IMOoJIyduCHa IIpuHATasd

10.10.0.0
10.10.0.2 10.10.0.1
B R3

10.20.0.0

@ @
10.30.0.0 10.40.0.3

10.40.0.1
r2 (AN

10.40.0.0

Redirect 10.40.0.3
{10.10.0.2) F\

JerTarpamma.

\ 10.40.0.2
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Puc. 4.3. [Ipuauun padotsr ICMP

Mapumpyruzatop R2 Hampaisger aeilitarpamMmmy 1o HampasiieHHr0 R4 u
onHOBpeMeHHO ¢opmupyer coobmenue ICMP Redirect, B koTtopoM OH
PEKOMEHIYET XOCTy A BIpeAb Ui MEepelayd JedTarpaMM B HANpPaBJICHHH CETU
MCIIOJIB30BaTh B KAYECTBE LIIJII03a MapupyTtu3arop R4.

4.4. Illporoxoa EIGRP

EIGRP (Enhanced Interior Gateway Routing Protocol) — aucranimoHHo
BEKTOPHBIM MPOTOKOJ Mapuipytuzanuu [4], paszpadorannsiii ¢upmoit Cisco Ha
ocHoBe mporokona IGRP Toit xxe ¢upmbl. [Iporokon IGRP 6bu1 co3man kak
anpTepHaTuBa npotokony RIP (pasn. 4.5), no Toro, kak Owu1 pazpadoran OSPF
(pazn. 4.6). Ilocne mossiaenus OSPF Cisco mnpencraBuna EIGRP -
nepepaboTaHHbli W yiyulieHHbld BapuaHT IGRP, cBOOOAHBIM OT OCHOBHOTO
HEJI0CTaTKa JAUCTAHIIMOHHO-BEKTOPHBIX MPOTOKOJOB — OCOOBIX CHUTyallud C
3allMKJIMBAaHUEM  MapHIpyTOB —  Ojarojaps  CHEUUAIbHOMY  alITOPUTMY
pacnpocTpaHeHus: THPOpMaLMK 00 U3MEHEHUAX B TOMOJOruu cet. HecMoTps Ha
TO, YTO B O0IIeM cilydae MpoTokoJibl cocTosinus cBsizedt (OSPF) orpabateiBator
u3MeHeHus: B Tonosiornu cetu Obictpee, ueM EIGRP, a taxxe OSPF umeer psin
JIOTIOJIHUTENNBHBIX BOo3MoOkHOcTe, EIGRP Gosnee mpoct B peasmzanum U MeHee
TpeboBaTeNIeH K BHIYUCIUTEIIBHBIM PecypcaM MaplipyTH3aTOpA.

EIGRP-mapuipytuzarop OoOHapy>KHUBaeT CBOHUX cocenen IIyTEM
nepuoAndeckor  pacceuiku  cooOmienuit  "Hello". DOt ke  cooOmieHus
UCIIOJIB3YIOTCSL 1711 MOHHUTOPUHTA COCTOSIHMSI CBSI3U C COCEAOM (pacChUIAOTCS
KaXKJble 5 CEKyHJ B CETSIX C OOJBIION MPOMYCKHON CIOCOOHOCTBIO — HAapHUMED,
Ethernet — u xaxapie 60 ¢ B "MenneHHbIX" ceTsix). Takoil MOHUTOPUHT TTO3BOJISET
pacchulaTh B CETH BEKTOPbl PACCTOSHUNA HE MEPUOJUYECKH, a TOJIbKO MpHU
M3MEHEHHUH TOIOJIOTUH CETH.

EIGRP wucnosib3yeT KOMIUIEKCHOE€ 3HAUYEHHE METPUKU (LI€HBI CBSI3H),
BBIYHCIIIEMOE HAa OCHOBAHUM MOKa3aTeseil MPOMYCKHOW CIOCOOHOCTH U 3aEPKKH

py Tepeade TaHHBIX B CeTH. Takke B pacyeT METPUKH MOTYT OBITh BKIIFOUEHBI
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IIOKA3aTeIN 3arpy3Ky U HAJIE)KHOCTU ceTH. B oiimune ot npotokona RIP, meTpuka
B EIGRP He sBnsieTcs (pakTopoM, OrpaHUYMBAIOIINM Pa3MEP CUCTEMBI.

[Ipn momyyeHuM OT cocelell BEKTOPOB PACCTOSHUM MapIIpyTHU3aTop IS
KOKJ0M CeTH Ha3HAYeHUS HE TOJIbKO BBIOMPAET COCeNa, 4epe3 KOTOPOro JIEKHUT
KpaT4aillui IyTh B 3Ty CETh, HO TAK)KE 3alIOMUHACT U 6EPOAMHbIX 3amecmumeneu
(feasible successors). BeposiTHBIM 3aMECTUTEJIEM CTAHOBHUTCS MapLIpyTH3aTOp,
OOBSBUBIINI METPUKY MapIIpyTa oT ce0si O JaHHOM CETH MEHBIIIYI0, YEM TOJTHAs
METpUKa YCTAaHOBJEHHOro MmapuipyTta. Paccmorpum mnpumep Ha puc. 4.4 (s
MPOCTOTHl METPUKU BCEX CBsA3EH, KpoMe (4) - (5), cuuTaemM paBHBIMU €IUHMUIIE;

MeTpuKka cBsi3u (4) - (5) paBna 0,5).

Puc 4.4. ITpumep EIGRP-cucremsl

Kpyxkamu 0003Hau€Hbl MapUIPYyTU3ATOPhI, MNPSIMOYTOJIBHUKOM — CE€Tb
HasHaueHuss A. Mapmpyrtuzatop (3) mnomydaer oT (5) dJIE€MEHT BeKTopa
paccrosiuuii (A=1), a ot (4) — (A=1,5). B tabnuue mapupytuzaropa (3) yzen (5)
CTAaHOBHUTCS CJICIYIONIMM MapIIpyTH3aTOpOM Ha MyTH B ceTh A, a y3en (4) —
BEPOSITHBIM 3aMECTUTEJIEM, TaK KakK 3asBJIE€HHOe UM paccrosHue no A (1,5)
MEHbIIIE TIOJIHOM METPUKHU yCTaHOBJIEHHOTO MapipyTa (3) - (5) - A, KoTopasi paBHa
2.

OOpatum BHUMaHue Ha mapuipytuzaTopsl (1) u (2). OHu npuchUIaOT Y31y
(3) snement (A=3) u, cieaoBaTEIbHO, HE SABJISIOTCS BEPOATHBIMHU 3aMECTUTEIISIMU
MmapripyTa u3 (3) B A, 4to, 6€3yciI0BHO, pa3yMHO.

Ecou cBszp mexny y3namu (3) u (5) oOpwiBaercs, To (3) uieT B CBoOei

EIGRP-tabnunie BepostHOTO 3amectuTeds (4) W HEMENJIEHHO YCTaHaBIMBAET
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MapupyT B ceTb A uepe3 Hero. Takum o0pa3oMm, BpeMsi, B TE€UEHHE KOTOPOTO
MapuipyT B C€Tb A OTCYTCTBOBAJI, CYIIECTBEHHO COKpPAIAETCA [0 CPABHEHUIO C
NpPOTOKONaMH, Trae TpeOyeTcs »KIaTh, KOIJa COCEAM TMPUILIIOT OYepeIHbIe
BEKTOPBI PACCTOSHUM.

Ecnu e H1 0OTHOTO BEPOSITHOTO 3aMECTHUTEINS HE HalIeHO (I0MyCTUM, CBSI3b
(3) - (4) Toxe 0OpbIBaETCA), TO MAPUIPYTU3ATOP NEPEXOJAUT B AKTUBHOE COCTOSTHUE
Y HaYMHAET OIPOC BCEX CBOMX COCEAEH Ha MPEAMET HAJUYMs MaplIpyTa B CETh A,
cooOmiass mpu ATOM, YTO €ro COOCTBEHHOE pacCTosHUE 10 A paBHO
6eckoneynoctu. Cocel 0TBEUaET Ha 3aMpOC TOJIBKO TOTJa, KOT/AA Y HETO €CTh JH00
TOTOBBIM MapuipyT B A, Iu0O BEPOATHBIM 3aMECTUTENh — B JIOOOM M3 3THX
cllydaeB cocell mpucbuiaer B y3en (3) cBoe paccrosiHue 10 A. Muaue cocen cam
NEePEXOAUT B aKTUBHOE COCTOSIHHME U TPOIECC MOBTOpsAETCA (pazyMmMeercs, ¢ TOU
pasHuLed, 4yTo K Mapupyrtuszaropy (3) 3ampoc He NOCBUIAETCS; KPOME TOro,
MapuIpyTH3aTOpP, HAXOIAIINICS B AKTUBHOM COCTOSIHUHM, CAM MOKET OTBEYaTh Ha
3aMpocCkl, MOChUIAs B OTBET CBOE TEKyllee 3HaueHue pacctosHus 10 A). Takum
o0pa3oM 007acTh "aKTUBU3UPOBAHHBIX' MapIIPyTU3aTOPOB PACHIUPSETCS 10 TEX
nop, Moka He OyaeT 0OHapy»KEeH MapUIpyT B C€Th A MJIM JOKA3aHO €ro OTCYTCTBUE,
MOCJIE Yero BOJIHA CXOAMTCS B OOpPaTHOM HAMpaBJIICHUM K HWHUIIMHPOBABIIEMY
OpOLECC Y31y, MpPU 3TOM BCE MAapIIPyTHU3aTOPbl BHOCSAT B CBOU TaOJIMIIBI
HaJUIeKalue U3MEHEHMUS.

B stom mpoctom mpumepe, nocie Toro kak (3) mepexoauT B aKTUBHOE
cocTostHue, y3ibl (1) u (2) modyyaroT OT HEro 3ampoc O MapuipyTe B ceTh A C
MIOMETKOM, 4TO paccrosinue oT (3) 10 A Tenepb paBHO OeCKOHEUHOCTH. Kaxkblii U3
HUX, TIOCKOJIbKY paHee oH goOupaiics B A depes (3), moMeyaeT 3TOT MapHIpyT Kak
HEJIOCTI)KUMBIA M, HE HailAs BEPOSATHOTO 3aMECTUTENS, AKTUBU3UPYETCS M
omnpammuBaeTr cBoero cocena. llomyuuB 3tm 3ampocsl, (1) u (2) orBewaror apyr
IpYyry, 4YTO CE€Th A HENOCTH)KHMMa, NEPEXOASAT B IIACCUBHOE COCTOSIHUE U
BO3BpaliaroT y3iy (3) uHpopmaluio 0 HeIOCTUKUMOCTH CETH A.

4.5. IIporokoa RIP
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[Ipotokon RIP  sBisieTcs  AUCTAaHIMOHHO-BEKTOPHBIM  IIPOTOKOJIOM
BHyTpeHHEeH wmapmpytuzanuu [4]. Ilpomecc pabGoThl MPOTOKOIA COCTOWT B
pacchUIKe, TOJy4eHHH U 00paboTke BEKTOPOB pacctosHuii 10 [P-cerei,
HAXOJSIIMXCS B OOJMACTH ACWCTBHS MPOTOKOJda, T. €. B naHHoi RIP-cucreme.
PesynpTaToM paboOThl MPOTOKOJA HAa KOHKPETHOM MAapIIPyTU3aTOpPE SIBISETCS
Tabauna, rae IS Kakaod cetd naHHoW RIP-cucremsbl ykazaHO paccTosiHUE 0

ATOM ceTH (B XOMax) U aJpec CIAEAYIOMIEro MapuIpyTU3aTopa.

AJITOPUTM MOCTPOEHHUA TAOJIUIBI MAPIIPYTOB

B srom paszgene s mpocToThl Oy[eM Ha3blBaTh TaONMIEH MapUIpyTOB
TaOJIUILy, SIBISIFOILYIOCS PE3yIbTaTOM JesTeIbHOCTH IpoTokoia RIP, kak onucano
BBIIIIE, T.€. COCTOSAIIYIO U3 CTpok ¢ moysimu "Cets", "Paccrosnue", "Crnenyromuii
MapupyTu3arop". 3anuceiBaTh CTPOKY B TaOJMIle MapUIpyTOB OyAeM CIIEAYIOIUM
obpazom:

A=2>0

OTO 03HAYaeT, YTO PACCTOSIHME OT AAHHOIO MapLIpyTu3aropa 10 ceTh A
paBHO 2, a JedTarpamMMmsbl, CIEAYIOIIHE B Ce€Thb A, HaJ0 NEpechUIaTh
Mapupytuszaropy (3).

BekTopom paccrosinuii HaswiBaetcss mapa ("Cets", "PaccrositHue mo 3Tou
ceTu"), U3BJIEUEHHAs W3 TAaOIMIBI MapuipyToB. Kaxayro Takyio mapy Ha3bIBarOT
AJIEMEHTOM BEKTOpPA PACCTOAHUM. byzeM 3amuchiBaTh BEKTOpP PACCTOSHUM B BHUJIE
(A=2, B=1): 310 03Ha4aeT, 4TO PaCCTOSIHUE OT JAHHOTO MapIIPyTU3aTOpa J0 CETU
A paBHo 2, 10 cetu B paBHo 1.

Paccrosshme 1o cetm, K  KOTOPOM  MAapLIPYTH3aTOp  MOJKIKOYEH
HEIMOCPEACTBEHHO, IPUMEM PABHBIM 1.

Kaxnpiii mapmpytusarop, Ha KOTOpOM 3anyuieH moayisib RIP, nepuoanuecku
IIMPOKOBEIIATEIIBHO  PACIPOCTPAHSIET CBOM BEKTOpP pacCcTosHuU. Bekrop
pacrpocTpaHsieTcsl 4epe3 Bce HMHTepdeichl MaplIpyTHU3aTopa, MOAKIIOYEHHbBIE K

ceTsaM, BxoamuM B RIP-cucremy.
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Kaxnpii MapmpyTuszaTtop TakKe [MEPUOJUYECKH IIOJy4aeT BEKTOPHI
pPacCTOSIHMM OT JpYruX MapIHIpyTH3aTOpoB. PaccTosHUS B O3TUX BEKTOPAx
YBEIMYMBAIOTCS Ha 1, MOcCiIe Yero CpaBHUBAIOTCS C JaHHBIMM B Ta0OJuMIe
MapHIpyTOB, U, €CIM PACCTOSHUE JO KaKOW-TO M3 CETEH B IMOJYYCHHOM BEKTOPE
OKa3bIBAE€TCS MEHBIIIE PACCTOSHMSI, YKa3aHHOTO B TaOJUIE, 3HAUCHUE U3 TaOJIUIIbI
3aMellaeTcs HOBbIM (MEHBIIMM) 3HAY€HUEM, a aJipec MaplIpyTu3aTopa,
MPUCIIABILIETO BEKTOP C 3TUM 3HAUYECHHEM, 3amuchiBaeTcsa B moje "Crexyronui
MapuipyTu3atop” B 3ToM cTpoke Tabmuibl. [locie »Toro BEeKTOp paccTOsSHUM,

paccmnaeMHﬁ JaHHBIM MapaipyTu3aTopomM, COOTBECTCTBCHHO U3MCHUTCA.

IIpumep nocrpoenns Tad UMbl MAPIIPYTOB

PaccmoTpum 3TOT mpolece Ha npuMepe clieaytoinei cetu (puc. 4.5).

Puc. 4.5. ITpumep RIP-cuctemsl

3necy O, @, @, @ - mapmpyruzaTopsl, A, B, C, D, E - cetn. XocThl B ceTsax
HE TIOKa3aHbl 3a HEHagoOHOCThIO. Mbl Oyaem cienuTh 3a (GopMuUpOBaHUEM
TaOJUIIBI MapIIpyTOB B y3i1e O.

B HauyanpHBIE MOMEHT BpPEeMEHHM (HAmpuMmep, IOCie IMoAaud MUTaHWS Ha
MapIIpyTU3aTopbl) Tabmuna MapmpyToB B y3iae O BBIIJISAWT CICTYIOIIAM
obpasom (tak kak y3ea O 3HAET TOJBKO O TEX CETAX, K KOTOPHIM MOJIKIIOYCH

HEIMOCPEICTBEHHO):

A=12>0
B=1>0
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CnenoBatenbHo, y3en O pacceuiaer B cetd A u B Bekrop paccrosiHHA
(A=1,B=1).

Amnanornyno yzen @ pacceuiaer B cetu A, C, D Bektop (A=1,C=1,D=1).
V3en @ mosdydaer 3TOT BEKTOpP M3 CETH A, YBEIUYHBACT paccTosHus Ha 1 (A=2,
C=2, D=2) u cpaBHUBaeT C JaHHBIMU B CBO€W Tabiuile MapupyTtoB. HoBoe
paccTosiHuEe 110 ceTh A oOKa3bIBaeTcs OOJbIIE, YEM Y)KE€ BHECEHHOE B TaOIHILY
(A=1), cnenoBarenbHO, HOBOE 3HaueHUe urHopupyetcs. [lockonbky cetu C u D
BOBCE HE (UTYpUPYIOT B €ro TalJIHIle MapIIpyTOB, OHU TyJa BHocATcsA. B yzne @

UMeeM:
A=12>0
B=1->0
C=2-2>0
D=2->0
VY3en @ , B cBOIO ouepeib, paccbutaeT BekTop (D=1, E=1) B cetu D u E. V3en
@ moiy4aer 3TOT BEKTOp U3 ceTu D, yBennMumBaeT paccTOSHHS Ha 1, TOcie 4ero
nobarser cebe B Tabnmuiyy aanHeie 0 cetd E (E=2->@). Panee u3 y3nma @ on
noay4yus uHpopmMaiuio o ceth B u pobaBwin cebe B Tabumiyy ctpoky B=2->O.
V3en @ pacceutaet B ceti A, C, D cBoli 0OHOBIJICHHBIH BEKTOp paccTtosiHuid (A=1,
B=2, C=1, D=1, E=2).
V3en O nony4aer 3TOT BEeKTOp OT @ U3 ceTu A, yBEIMYMBACT PACCTOSIHUS Ha
1: (A=2, B=3, C=2, D=2, E=3) u 3amedaeT, 4TO BCE€ YyKa3aHHbIC PACCTOSHUS,
KpoMe paccTosinug 110 cet E, 6ombiie 110 paBHBI 3HAYEHUSIM, UMEIOIIUMCS B €T0
tabmume. Cets E B Tabimne y3ma @ OTCYTCTBYET, CJEIOBATEIbHO, OHA TyZa

BHOCHTCH, U B y3JIC @ MbI I[MOJIy4acM:

A=12>0
B=1->0
C=2-2>0
D=2->©
E=32>0
Hainee mapipytusarop @ ,paHee He paOOTaABIIHK M0 KAKUM-JIHOO MPUUHHAM,

pacceutaet B cetu B, C, E cBoit Bektop (B=1, C=1, E=1). ¥3en ® nomydaet 3ToT

BEKTOp W3 ceTh B, yBenmnuuBaer paccTtosiHuss Ha | U OOHapy>KHUBAaeT, YTO
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paccrosinne E=2 MeHnbliiie umeromerocs: B tabnuue E=3, cienoBarenbHo, 3aUCh O
cetn E B Tabmure 3amensiercss Ha E=2-2>®. OcranbHble 3JIEMEHTHI IMOJy4EHHOTO
oT @ BEKTOpa HE BHI3BIBAIOT OOHOBIICHUS TAOIHUIIBI.

Wtorosas Tabuia MapiipytoB mapipyrusatopa O :
A=12>0
B=1>0
C=2>@
D=2->@
E=2>0
Ha 3TOM ajiropuT™ CXOAUTCS, T. €. TMPH HEU3MEHHOW TOIMOJOTMU CHCTEMBI
HUKAKHE BEKTOPBI PACCTOSHUM, MoiydaeMmble mapiipytuzaropom O, Gonblie He
BHECYT M3MCHCHHH B TaOJUIly MapIIPyTOB. AHAJIOTHYHBIM 00pa3oM ajiropuTM
COCTaBJICHUS TaOJMIIBI MapUIPyTOB pabOTaeT M CXOIUTCS Ha JIPYTHX
Mapiipytuzaropax. OTMeTHM, 9TO HECMOTPS Ha TO, YTO TaOIHIIBI MapIIPyTOB
HIOCTPOCHBI, BEKTOPBI pacCTOSTHHIA POJIOJIKAFOT NEPUOTNICCKH
IIMPOKOBEIIATEIFHO PACCHUIATHCSA KaXIbIM MapIIPyTH3aTOPOM. DTO TpeOyeTcs
JUIsL OTIEPATHBHOTO PearupOBaHMs Ha BHE3AIMHBIC H3MEHEHHS TOMOJIOIUH CHCTEMBI.
OueBHHO, YTO BHJ] MIOCTPOCHHOM TAOJHUIIBI MApIIPYTOB MOXKET 3aBUCETh OT
HopsiiKa TMOJIyYEeHHsT MapIIpyTH3aTOPOM BEKTOPOB paccrostuuii. Hampumep, ecnu
Ob1 y3en @ mosy4na BekTop ot y3i1a @ panbliie, 4eM oT y3i1a @, To aeidTarpaMMbl

B ceTh C nochkutaiauck 0e1 0T O yepes O.

N3menenue coctossuusa RIP-cucreMbl

BbIsICHUM, YTO MPOMCXOAUT B CiIy4yae, KOIZJA COCTOSIHUE CHUCTEMBI
HEOXHJIAaHHO M3MEHSETCS, Harpumep, Mapiipytuzatop O OTKIIOYAETCS OT ceTH A

(puc 4.6).
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Puc. 4.6. smenenue cocrossaus RIP-cucreMbl

V3en O oOHapyX HBAeT CBOC OTCOCTUHEHHUE OT CETH A M MEHSET TaOJHILy
MaplipyTOB, yCTaHaBJIMBasg OECKOHEYHOE pACCTOSIHME JI0 BCEX CETei, paHee
JOCTHKUMBIX Yepe3 MapIIpyTH3aTOphl, MOJKIIOUEeHHbIE K cetn A (T. ¢. @ ). B

npotokose RIP 3nauenne 6eckoneyHocTu paBHO 16.

A=16>0®
B=1->0®
C=16>@
D=16>®
E=2->0
Bektop paccrosiHuif, TOCTPOCHHBIH Ha OCHOBAaHUU DJTOW TaOJIHUIIBL,
paccbulaeTcs B CeTh B, 4TOOBI MapHipyTHU3aTOpPbl, HAMPABISBIINE CBOU JIaHHbBIC
yepe3 @ B cTaBIIMe HEIOCTYIHBIMH CETH, €CJIM TAaKOBBIE MapIIPyTHU3aTOPbI

CYILLECTBYIOT, COOTBETCTBEHHO M3MEHMJIN CBOM MAapIIPYTHbIE TaOIUIIBI.

Jommyctum, B y3i1e @ umenach ciaeayrolias TadIxia MapIpyToB:

A=2>0
B=12>0
C=1->0
D=2->®
E=12>0
VY3en @ mepuoaWYecKu W IMIMPOKOBEMIATEIBEHO pacchiiaeT B cetn B, C, E

cBOi BekTop paccrosuuii (A=2, B=1, C=1, D=2, E=1). V3en O noay4aer 3TOT

BEKTOp, YBeIMUYUBaeT pacctosiHus Ha 1: (A=3, B=2, C=2, D=3, E=2) u 3ameuaer,
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yto pacctosiHusi A=3, C=2 u D=3 wmeHblIe OECKOHEUYHOCTH, CJIEIOBATENIbHO,
COOTBETCTBYIOIIUE 3alUCU TaOJNWIBI MapmipyTOB MOIUGUIMPYIOTCSA, U OHA

IIPUHUMACT BU:

A=3-2>0
B=1->0
C=2->0
D=3->0
E=2->0
Takum oOpazom, yzen O MOCTPOWII MapIIPYyTHl B 00XOJ THOBPEXKICHHOTO

Y4aCTKa U BOCCTAHOBUII JOCTHKUMOCTDb BCCX CETe.

Oco0blie ciryyau. 3aMKJIMBAHUE

K coxameHnto, TOBeJACHUE IUCTAHIIMOHHO-BEKTOPHBIX IPOTOKOJIOB (M B
4acTHOCTH, MNpoTokosia RIP) mpu u3MeHEHUM TOIMOJOTMU CHCTEMBbl HE BCera
KOPPEKTHO | MPEACKa3yeMo.

PaccMOTpHM BBIIICONMUCAHHYIO CHUTYaIlMI0 ¢ oTcoeauHeHueMm y3ma O or
cetu A (puc 4.6).

MBsI ipeanonaraiy, uro y3ea @ He oTnpasisul aeirarpamm uepes yzen O (u,
CIICZIOBATEIIbHO, W3MEHEHHE TaOJuIbl MapuipyToB B y3ie O He MOBIMIO Ha
tabymiy y3na @ ). [Ipenmonoxum tereps, yto @ OTHpaBIIsI IeHTarpaMMBbl B CETh

A gepe3 @ , To ecTb TabnuIa B y3i1e @ uMena BUI:

A=2->0
B=1->0
C=1->03
D=2->®
E=1=>03
[Tocne orcoenuuenust @ ot cetn A yzen @ momydaer or O Bektop (A=16,
B=1, C=16, D=16, E=2). IIpoananu3upoBaB 3ToT BekTop, @ 1eliaeT BBIBOJ, YTO
BCEC YyKa3aHHBbIE B HEM PACCTOSHUS OOJbIIE 3HAYCHUH, COICPKAIIUXCS B €ro
MapIIpyTHOW TaOJIMIle, HA OCHOBAHUHU Y€TO 3TOT BEKTOP y370M O UTHOPHPYETCH.

B cBoro ouepens, yzen @ pacceutaer B cetu B, C, E Bekrop (A=2, B=1,

C=1, D=2, E=1). V3en O nomy4yaeT 3TOT BEeKTOpP, YBEINIUBACT PACCTOSHHS Ha 1:
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(A=3, B=2, C=2, D=3, E=2) u 3ameuaer, uto pacctosinusa A=3, C=2 u D=3
MEHbIIIE OCCKOHEYHOCTH, CJIEIOBATEIHLHO, COOTBETCTBYIOIIME 3allMCH TaOJIHIIBI

MapuipyToB B y3iae O MOIUPHUIMPYIOTCS, M OHA TPUHUMAET BH/I:

A=320
B=1->0
C=2->0
D=3->0
E=2->0
OueBuaHO, TOCIHEe OTOro coaepxkumoe Tabmur y3moB @ u @
CTaOMIIN3UPYETCS.

PaCCMOTpI/IM TCIICPD 3aIINCU O JOCTHIKCHHUU CCTH AB Ta6J'II/II_[aX

mapuipyTu3aropoB O u @ .

B y3ne @: A=3>0
B y3ne @: A=2>0®

Taxum 06pa3oM, BO3HUKIIO 3allUKJIMBAHKE: JaHHbIE, aIpECOBAHHBIC B CETh
A, OynyT nepecsuiatbes Mexay y3namu O u @ 1o Tex mop, Moka He UCTEUET
BpEMs KU3HH JIeUTarpaMM U OHU HE OYyyT YHUUTOKEHBI.

Jist Toro, 4T0OBI M30€KaTh 3AIMKIMBAHMS, B JITOPUTM PACCHIJIKA BEKTOPOB
pPAcCTOSIHMIT BHOCSITCS AONOJHEHUs. TeM He MeHee, U B 3TOM CiIy4ae O0cCoObIe
CUTYaILIMH BCE €I1I€ OCTAOTCH.

4.6. ITporoxoa OSPF

[TpoTtokon mapupytuzanuu OSPF (Open Shortest Path First) mpeacrasnser
co0Ol MPOTOKOJ COCTOSHUSI CBsi3el, ucnosb3yrommii anroputM SPF mowmcka
kpatyaiimero nytd B Tpade [4]. OSPF npumensercs npns BHYTpEHHEU

MapIIPyTU3aLUU B CUCTEMaX CETeH 000 CI0XKHOCTH.
IHocTpoenune MapuipyToB

PaccmoTtpum paboty anroputma SPF u mocTpoenne mapuipyToB Ha mpuUMepe

CUCTEMBI, M300paxkeHHOM Ha puc. 4.7. Jlnsg mpocTtoThl OylneM paccMaTpuBaTh
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OSPF-cuctemMy, COCTOSIIYIO TOJIBKO W3 MapUIPpyTH3aTOPOB, COEAMHEHHBIX

JIMHUSMH CBS3H THIIA "TOYKa-TouKa'.

Puc. 4.7. Ilpumep OSPF-cucremsr:
@, @, @, @ - mapmpyruzatopsr; A,B,C,D - muaum cBs3u
(1M IPOCTO CBA3M), UPPHI O3HAYAIOT METPUKY KaXA0HM CBSA3U
MeTpuku

MeTtpuka npencraBisieT coOOH OLIEHKY KauyecTBa CBSI3W B JaHHOM ceTH (Ha
JaHHOM (PU3MYECKOM KaHalle); YeM MEHbIIEe METpHUKa, TeM JIydylle KayecTBO
coelMHEeHHs. MeTpuka MaplipyTa paBHa CyMME METPHK BCEX CBs3el (cereid),
BXOJSLIMX B MapuIpyT. B mpocreiimem cirydae (kak 3T0 UMEET MECTO B ITPOTOKOJIE
RIP) meTpuka Ka)xJ10il ceTd paBHA €AMHUIE, a METPUKA MapIIpyTa TOrAa MpoCTo
SBJIIETCS €r0 AJIMHOM B XOMax.

MerTpuka cetd, OlleHHBAIOIIask IPOMYCKHYIO CIIOCOOHOCTb, ONPEEsIeTCs KakK
KOJIMYECTBO CEKyHH, TpeOyemoe mis nepenaun 100 Mout uvepe3 duznueckyro
cpeny manHou cetu. Hampumep, metpuka cetu Ha 6a3e 10Base-T Ethernet paBna
10, a MeTpuka BbIIEICHHOW JUHUU 56 KOUT/C paBHa 1785. MeTpuka kaHaia co
CKOPOCThIO nepenaun fanHbix 100 MOuUT/c 1 Bblllle paBHA €MHULIE.

[lopsimok pacuera METPUK, OLEHUBAIOIIMX HAAEKHOCTb, 33JEPXKKYy U
CTOMMOCTb, HE OIpeaeneH. AJMUHUCTPATOP, SKEJNAIUNA MNOAJIEP>KUBAThH
MapIIpyTU3aLHIO 10 TUM TUIIAaM CEPBHUCOB, JIOJDKEH CaM Ha3HA4YMTh Pa3yMHBIE U
COIrJIaCOBaHHBIE METPUKH I10 ITUM MapaMeETPaM.

B HameMm npumepe Mbl OyAeM HCIOJIb30BATH METPUKH, YKa3aHHbIE Ha

puc.4.7, 6e3 ydyera tumnoB cepBuca. Cieayer 3aMeTUTh, YTO MapIIPyTU3AIUS TI0
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TUTIaM CEpBHCA KpaifHe penika, OoJiee TOro, OHA MCKITI0YCHA U3 TTOCICTHUX BEPCHIA

crangapta OSPF.

ba3a g1aHHBIX COCTOSIHUS CBsA3el
Jns pabotel anroputMa SPF Ha kakaoMm MapiipytuzaTope cTpouTcs: 6asza
JTAHHBIX COCTOSIHUS CBSA3€M. ba3bl JaHHBIX HA BCEX MAPIIPYTU3ATOPAX UJICHTUYHBI.
baza maHHBIX COCTOSIHMS CBSI3€M JJIs1 PACCMOTPEHHOIO IPUMEPA MPUBEJICHA B

tabn. 4.2.

Tabnuna 4.2
baza maHHBIX COCTOSIHUSA CBI3EN

Or 2> lo | Cerb | Merpuka
0L 40 A 2
0L 46) C 3
0O>® B 1
@->0 A 2
®O->0 C 3
®->® D 1
@®->0 B 1
@®>0 D 1
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5. MOJEJIb B3AUMOJIENMCTBUS OTKPBIThIX CUCTEM

C mosiBIEHWEM BBIYMCIUTEIBHBIX CETe BO3HUKIA HEOOXOANUMOCTh B
pa3zpaboTke KOHILICTIIUH, YCTaHABIIMBAIOIIEH CTaHJIapTHBIE npaBuiia
B3aMMOJICUCTBUS PA3HOTUITHBIX CTaHIMU (y3J10B), BXOJAIIMX B cOcTaB ceTH. Jlis
ATOrO ObLIa CO3/laHa MHOTOYPOBHEBAas apXUTEKTypa C BBbIACICHUEM 7 YpOBHEH
uepapxuu. Pa3paboTuMku — pAd MEXAYHAPOAHBIX  OpraHM3aluid 10
crangaptuzauu [SO, IEEE u np. HazBanu co31aHHYI0 UMU B Hayajne 80-x TIT.
CTPYKTYpPY MoOenvio g3aumooeiicmaus omkpvimoix cucmem (Open Systems Inter-
connection, OSI). Cornacuo moaenu OSI, pyHKIIMU B3auMOAeHCTBUSI OOBEKTOB B
CETH pa3lieJiecHbl Ha CIEAYIOIIUE YpOBHU: (DU3WUYECKUM, KaHAJIbHBIM, CETEBOMH,
TPAHCIIOPTHBIN, CEAHCOBBIN, NIPEICTABUTEIbHBIA U PUKJIATHOM.

Mooenv OSI onucvieaem monbKo cucmemHvle @QYHKYUU, peanuzyembvie
ONepayuoHHoOU  CUCMEMOU,  CUCMEMHbIMU  Ceme8blMU  KOMNOHEHMAaMU,
CUCMEMHbIMU ~ ANNAPAMHLIMU — CPEOCME8aMuy, U He 6KIYaem cpeocmea
83aUMOOCUCMBUS NPUTIOHCEHUL KOHEUHBIX NOJIb308AMEEll.

[IpunoxeHuss KOHEUHBIX MOJB30BaTENe B3aUMOJICHCTBYIOT, 00paIlasch K
CUCTEMHBIM CpPEJICTBaM.

[TockonbKy B mporecce oOMeHa COOOIIEHMSIMM B CETH YYacTBYIOT JBE
CTOPOHBI, TO HEOOXOJAMMO OPTraHM30BaTh COTJIACOBAHHYIO paboOTy JBYX
«uepapxuii», padoTaromux Ha pasHbIX y3iax. Oba ydacTHMKa CETEBOro oOMeHa
JIOJKHBI IPUHATH MHOKECTBO corJiallieHnil. HarpumMep, OHU TOJ>KHBI COT1acoBaTh
ypoBHU U (HOpPMY DIJIEKTPUUYECKUX CHUTHAJIOB, CHOCOO OIpeneseHus pa3Mepa
COOOIIEHUM, JOTOBOPUTHCS O METOJIaX KOHTPOJIS JOCTOBEPHOCTH U T. 1. [pyrumu
CJIOBAMHM, COTJIANIEHUS TOJDKHBI OBITh MPUHSATHI IJI BCEX YPOBHEW, HauMHASI OT
CaMOI'0 HU3KOTO - YPOBHS Mepeiaud OUTOB - O CAMOT'O BBICOKOTO, PEaTU3YIOINIETO
CEpBUC 7151 TOJIb30BATENICH CETH.

B kauectBe npumepa Ha puc. 5.1 mokazaHa MOJieNb B3aUMOJECUCTBUS ABYX
y3510B. C KaXkJI0 CTOPOHBI CPEICTBA B3aUMOACHCTBUS MPE/ICTABICHBI YETHIPhMS

ypoBHsimu. [Iporieypa B3auMo1eHCTBHSI ATHX IBYX y3JI0B MOKET OBITH ONKMCAaHA B

62



BUJIe Habopa MpaBuJl B3aUMOJEHCTBUS KaXKI0M Mapbl COOTBETCTBYIOIIUX YPOBHEH
0o0enx y4acTBYIOIIUX CTOpoH. (DopMann30BaHHBIC MpaBWa, ONPEIEISAIOLINE
NOCJIEI0BATEIBHOCTh U (OpMAT COOOIIEHUH, KOTOPHIMU OOMEHUBAIOTCSI CETEBBIE
KOMITOHEHTBI, JIEKallMe Ha OJHOM YpPOBHE, HO B Pa3HBIX y3J1aX, HA3bIBAIOTCS
NPOMOKOJIOM.

Monynu, peanu3yromue IpOTOKOIBI COCEIHUX YPOBHEH M HaXOJALIUECS B
OJTHOM Yy3JIe, TaKK€ B3aUMOJCHCTBYIOT APYI C APYIOM B COOTBETCTBHM C YETKO
ONpE/EICHHBIMU MpPaBWIAMM M C IOMOULIbIO CTaHAAPTU30BAaHHBIX (HOPMATOB
cooOmeHuil. DT mpaBuja MPHUHITO Ha3bIBaTh uumepgeticom. VHTEpdeiic
onpenenseT HabOp CEpBUCOB, NMPENOCTABISIEMBIA JAHHBIM YPOBHEM COCEAHEMY
ypOBHIO. B cymHOCTH, IpOTOKOA U UHTEp(EC BbIpaXatoT OJTHO U TO e MOHATHUE,

HO TPpaAUIIMOHHO B CCTAX 3a HUMHU 3aKPCIINIIN PA3HBIC obacTn I[@ﬁCTBHH.

V3en A V3en B
4A < HDOTOKOH 4A-4B > 4B

7y 7'y Hurtepdetic 3B-4B
v [Iporokon 3A-3B v

3A < > 3B

A A

! ITpoTokon 2A-2B ! Nurepdetic 2B-3B
2A < > 2B

+ + Nurepdetic 1B-2B
A 4 A 4

A . IIpoTokon 1A-1B R B

Puc. 5.1. UnmrocTpanus Mecta IpOoTOKOJIOB U UHTEpPeiicoB

B HEpApPXHUH B3aUMOJECHCTBUS OTKPBITBIX CUCTEM

IIpoTrokoJibl onpeaesiloT NMPAaBUJIA B3aUMOJEHCTBUS MOJYJIEH OJHOIO
YPOBHS B Pa3HbIX y3JiaX, a MHTep(deHchl - NPpaBUJIa B3aUMOACHCTBUSA MOIYJIei
COCeIHMX YpoOBHeili B oaHOM Yy3Jje. CpelncTBa KaXAOro YpPOBHS JOJKHBI
OoTpalaThiBaTh, BO-TIEPBBIX, CBOM COOCTBEHHBIH TIPOTOKOJ, a BO-BTOPHIX,

uHTEPPENCHI C COCETHUMHU YPOBHSIMHU.
63



Hepapxuyeckn OpPraHu30BaHHbI Ha0OpP NPOTOKOJIOB, JAOCTATOYHBIN
AJSA OpPraHM3aluM B3aMMOJCHCTBHMSA Y3JI0B B CETH, Ha3bIBACTCH CHICKOM

KOMMYHUKAUUOHHbBIX RPOMOKOJ1086.

KoMMyHUKallMOHHBIE ~ TPOTOKOJIBI  MOTYT  OBITh ~ peaju30BaHbl  Kak
MIPOTPaMMHO, TAaK U anmapatHo. [[poTOKOIBI HUKHUX YPOBHEN YaCTO PEATU3YIOTCS
KOMOHMHAIMEeH NPOTPAaMMHBIX M alMapaTHBIX CPEJICTB, a MPOTOKOJBI BEPXHUX

ypOBHefI - KaK IIpaBHJIO, HUCTO IIPOrpaMMHBIMHA CPpCACTBAMMU.

[IpoTOKONBI pEaNU3yrOTCsl pa3NUYHBIMA CETEBBIMU YCTPOWMCTBAMHU -
KOHIIEHTPAaTOpaMH, MOCTaMH, KOMMYTaTOpaMH, MapLIpyTH3aTOpaMyu W TIp.
JleiicTBUTENBEHO, B OOILIEM CIy4yae CBA3b Y3JI0B B CETH OCYUIECTBIIETCS HE

HaAIPSIMYIO, a Yepe3 pa3IndHble KOMMYHHUKAIIHOHHBIC YCTPOMCTBA.
5.1. YpoBuu moaeau OSI

Pu3nyecKuil ypoBeHb

®uznueckuii ypoBeHb (Physical layer) umeer geno ¢ nepenayeit GuToB 1o
(du3NYECKUM KaHajaM CBSI3H, TAKUM, HalIpUMEp, KaK KOAKCHAJIbHBIN Kabelb, BUTas
napa, ONTOBOJIOKOHHBIHN Ka0enb 1in HudpoBoil TeppuTopranbHbiil kKanai. K atomy
YPOBHIO HMMEIOT OTHOUICHHE XapaKTEepPUCTUKH (U3UYECKUX Cpel Mepeaaydu
JAHHBIX, TaKHe, KaK MoJioca MPOMYCKaHUs, MMOMEXO03alIUIIEHHOCTh, BOJIHOBOE
conpoTuBieHue u ap. Ha 3ToMm ke ypoBHE ONPENEeNsiOTCS XapaKTePUCTUKH
AIIEKTPUYECKUX CUTHAJIOB, MEPEaoNINX JUCKPETHYIO HMH(MOpMaIHIo, Hanpumep,
KpyTH3Ha (PPOHTOB HMITYJIbCOB, YPOBHU HANpPSIKEHUS WIA TOKAa MEPenIaBaeMoro
CUTHAJIa, TUN KOJWPOBAHUs, CKOPOCTh IEperadn CUrHasioB. Kpome 3toro, 3aech
CTaHAAPTU3YIOTCS TUIIBI Pa3bEMOB U HA3HAYEHUE KAXKJIOTO KOHTaKTa [J].

OyHKIMU (U3UYECKOTO YPOBHS PpEANU3YIOTCS BO BCEX YCTPOMCTBAX,
NOJKIIOYEHHBIX K CETH, M  BBIIOJHSKOTCA CETEBbIM  aJalnTepoM WU
nocyenoBaTeabHbIM opToM. [IpuMepom mpoTokosia PU3NYECKOTO YPOBHS MOKET
cnyxuth crneundukanus 10Base-T texnomoruu Ethernet, kotopas onpenensier B
Ka4yeCTBE MCIIOJIb3yeMOTo Kabessi He9KpaHUPOBAHHYIO BUTYIO Mapy KaTeropuu 3 ¢

BOJHOBBIM comnpotuBiiecHneM 100 Owm, pazpem RJ-45, makcumanbpHyro MIHHY
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¢uznyeckoro cermenta 100 M, MaHUYECTEPCKUI KO AJIS IPEACTABICHUS JAHHBIX B
Kabeye, a TaKkkKe HEKOTOpbIC JIPYrHe XapaKTePUCTHKU CPeAbl U AIIEKTPUUECKHUX
CUTHAJIOB.

KanaabHbIi ypOBeHb

Ha ¢usudeckom ypoBHe mpocTo Tmepechuiatorcss OutThl. [lpu 3TOM He
YUYHUTBHIBAETCS, YTO B HEKOTOPBIX CETSIX, B KOTOPBIX JIMHUU CBA3U HCIIOJIb3YIOTCS
(pa3nmensroTCcs) TMOMEPEMEHHO HECKOJbKMMHM MapaMH  B3aWMOJEHCTBYIOLIUX
cTaHIui, pusnyeckas cpena nepenadyd MoxeT ObITh 3aHsTa. [loaTOMy OnHON U3
3amau kaHajgbHOro ypoBHs (Data Link layer) siBmsiercs mpoBepka JOCTYITHOCTU
cpenpl nepegaun. Jpyrod 3ajadyedl KaHAJIbHOTO YPOBHS SIBISIETCS pEAIM3ALUS
MEXAaHU3MOB OOHApYXEHUS U KOPPEKUUH OIHUOOK. JlJIi 3TOro Ha KaHAJIbHOM
ypOBHE OWTBHI TPYNNUPYIOTCSA B HaOOpHI, Ha3piBaeMble Kajapamu (frames).
KananpHblll ypoBeHb OOECHEUMBAET KOPPEKTHOCThb IEpelayd KaXkJoro Kajipa,
NOMeEIIasi CHEUAIBbHYIO MOCJIEOBATEIbHOCTh OUTOB B Ha4aJI0 M KOHEI] Ka)J10ro
Kaapa JUIsl €ro BBIJEJEHUS, a TAaKKE€ BBIYUCISIET KOHTPOJBHYIO CYMMY,
oOpabarbiBasi Bce OalThl KajJipa OMNPENEIECHHBIM CIIOCOOOM U J100aBIIsIs
KOHTPOJIBHYIO CyMMY K Kajapy. Koraa kaap npuxoauT mo ceTu, rmoixyvaTesib CHOBa
BBIYMCIIIET KOHTPOJIBHYIO CYMMY HOJIYYEHHBIX JAHHBIX U CPABHUBAET PE3yJbTaT C
KOHTPOJIbHOM CyMMOW U3 Kajapa. Eciau OHM COBHNAnarT, Kaap CUMTACTCS
NpaBUIbHBIM U NMpUHUMaeTca. Eciiu ke KOHTPOJIbHBIE CYMMBI HE COBIAJAIOT, TO
bukcupyercsi ommobOka. KaHanbHBI YypOBEHH MOMKET HE TOJIBKO OOHAPYKUBAThH
OLIMOKH, HO M HUCHPABIATH MX 3a CUET MOBTOPHOM Nepenadyd MOBPEKIECHHBIX
KaJipoB. HeoOX0AMMO OTMETUTh, YTO (YHKIIMS UCIIPABICHUS OIIMOOK HE SIBIISETCS
00s13aTeIbHON 1711 KAaHAJIBHOTO YPOBHS, TO3TOMY B HEKOTOPBIX MPOTOKOJaX 3TOTO
YPOBHSI OHa OTCYTCTBYET, Hanpumep, B Ethernet [5].

XOTsl KaHAJIbHBIM ypOBEHb M O00ECIeYMBaeT JOCTaBKY Kajapa MEXIy
AI00BIMU  ABYMS y3J1aMH JIOKaJbHOW CETH, OH 3TO JENaeT TOJbKO B CETH C
COBEPUICHHO OIPEIECIEHHON TOIOJIOTUEN CBSI3€M, UMEHHO TOW TOIOJIOTUEH, I
KOTOpOi OH ObuT pa3paboTad. K TakuM THIOBBIM TOMOJIOTHUSAM, MOAIEPKUBAEMbIM

IMPOTOKOJaMHU KaHAJIbHOTO YPOBHS JIOKaJIbHBIX ceTeﬁ, OTHOCATCA O6H_Ia$l IITHKHa,
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KOJIBIIO U 3BE€3/1a, & TAKXKE CTPYKTYPHI, MOJTYYEHHbIE U3 HUX C MIOMOIIBIO MOCTOB U
KomMMyTatopoB. [IpuMepamMu DOPOTOKOJOB KAaHAJbHOTO YPOBHS  SBJISIOTCA
npotokoiibl Ethernet, Token Ring, FDDI.

B mokanpHBIX CETAX NPOTOKOJBI KAHAIBHOTO YPOBHS HCHOJIB3YIOTCA
KOMIIBIOTEPAMH, MOCTaMH, KOMMYTaTopaMd H  MapuipyTuzaropamu. B
KOMITbIOTEpPAX (PYHKIMU KaHAJIBHOTO YpPOBHSA PpEAU3YIOTCS COBMECTHBIMU
YCUJIASIMU CETEBBIX aJIallTEPOB U UX JPAUBEPOB.

st o0ecriedyeHUs: KaueCTBEHHOW TPaHCHOPTUPOBKU COOOIICHUN B CETAX
JFOOBIX TOTOJIOTHI M TEXHOJOTUH (PYHKIMI KaHAJIHHOTO YPOBHS OKa3bIBaeTCs He-
JIOCTaTOYHO, T03TOMY B Mozenu OSI pemieHue 3ToM 3amadd BO3/aracTcsl Ha JBa
CJIEAYIOLINX YPOBHS - CET€BOM U TPAHCIIOPTHBIM.

KananpHbili  ypoBeHb oOecrnedywBaeT Imepefady MaKeTOB  JAHHBIX,
IIOCTYIAKOIINUX OT IPOTOKOJIOB BEPXHUX YPOBHEW, Yy3Jly Ha3HAUYEHUs, aJpec
KOTOPOI'0 TAKXKE YKA3bIBAET IIPOTOKOJ BEPXHEr0 YPOBHSA. IIpOTOKOIIBI KaHAIIBHOIO
YpOBHSI O(DOPMIISIIOT TepeaHHbIE UM TAaKEeThl B KaJpbl COOCTBEHHOro (opmara,
[OMeIasl yKa3aHHbIN aJpec Ha3HAYCHUS B OJHO U3 MOJIEM TaKOro Kaapa, a TaKkKe
CONPOBOX/ask KaJAp KOHTPOJIBbHOU CyMMOM. IIpOTOKON KaHAIBHOTO YPOBHSI UMEET
JIOKaJIbHBIA CMBICJ, OH TMpEJHa3HA4YeH [Jis JOCTaBKH KaJpOB JaHHBIX, Kak
MPABWIO, B MPEAETIax CETEW C MPOCTOM TOIOJIOTHEH CBSI3€H WM OJHOTUITHOW WU
OJIM3KOM TEXHOJIOTHEH, HampuMep, B oJHOCErMeHTHbIX ceTsx Ethernet wim xe B
MHOTOcerMeHTHBIX ceTsix Ethernet m Token Ring mepapxudeckoit Tomosoruu,
pPa3dEeNIEHHBIX TOJIBKO MOCTaMHU M KOMMYyTaropamu. Bo Bcex 3THX CeTsaxX aapec
HA3HAUYCHUS MMEET JIOKAJIbHBIM CMBICH JJIsl JJAHHOW CETH W HE HU3MEHSIETCS MpHU

MMPOXOKACHUHU KaJipa OT y3JIa HCTOYHHKA K Y3J1Y HA3HAYCHUA.

CeTeBoii ypOBeHb

CereBoii ypoBenb (Network layer) ciuyxut nns oOpa3oBaHHsl €IUHOMN
TPAHCIIOPTHON CUCTEMBbI, OOBEIUHSIONIEH HECKOJIBKO CETeH, MpUYeM 3TH CETH
MOTYT HCIOJIb30BaTh COBEPIIEHHO pa3Hble NPUHIMIIBI TEpeaadyr COOOIICHUMN
MEXIy KOHEYHBIMHU y3JIaMH W 00JaJaTh MPOU3BOJBHOW CTPYKTYPOMl CBS3EH.

@DYHKIIMU CETEBOr0 YPOBHS JIOCTATOYHO pa3zHooOpasHbl. [IpoTOKOJIBI KaHAIBLHOTO
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YPOBHSI JIOKaJbHBIX CeTEH OO0ECHeurBalOT JOCTAaBKY JAHHBIX MEXIY JTHOOBIMU
y3JIaMH TOJIBKO B CETHM C COOTBETCTBYIOLIEH THUIIOBOM TOIIOJIOTHMEH, HAIpUMeED,
TOIOJIOTUEN HEPAPXUYECKON 3BE3BI. DTO OYEHB JKECTKOE OTPAHUYCHHE, KOTOPOE
HE TMO3BOJSET CTPOUTH CETU C PAa3BUTOW CTPYKTYypOW, HampuMep, CETH,
OOBEAUHSIONINE HECKOJbKO CeTed TMpeAnpusTUss B E€IUHYI0 CEeTh, WIH
BBICOKOHA/IC)KHBIE CETH, B KOTOPBIX CYIIECTBYIOT H30BITOYHBIE CBSI3H MEXKIY
y3namMu. YToOBbI, C OJHON CTOPOHBI, COXPaHUTh MPOCTOTY HPOLENYp Iepeaadu
JAHHBIX JUIsl TUIIOBBIX TOMOJIOTMM, @ C JPYrod - JONYCTUTh HCIOJIb30BAHHE
MPOU3BOJIHBIX TOTOJIOT U, BBOJUTCS IOMOJTHUTEIBHBINA CETEBOM YPOBEHb [S].

BHyTpy ceTu JocTaBKa JaHHBIX OOECHEYMBAETCS COOTBETCTBYIOIIMM
KAaHaJIbHBIM YPOBHEM, & JIOCTAaBKOM NAHHBIX MEXIY CETAMH 3aHUMACTCSA CETEBOU
YPOBEHb, KOTOpPBI W MNOJAEPKUBAET BO3MOXHOCTh MPaBUIBHOIO BbIOOpA
MaplIpyTa fepeiayd COOOIICHUs 1aKe B TOM ClIydae, KOrja XapakTep CTPYKTYphbI
CBA3EU MEXKIY COCTABJIAIOIIMMU CETAMU OTIMYACTCSA OT IPUHATOrO B IIPOTOKOJIAX
KaHAJIbHOTO YPOBHS.

Cetu coemMHAIOTCS MEXAy COOOH cHeluualbHBIMU  YCTPOMCTBaMH,
Ha3bIBAEMBIMHM MapLIpyTuszaropamu. Mapwpymuzamop - 3TO YCTPOWCTBO,
KOTOpo€ coOupaeT HH(OPMALIUIO O TOMOJOTUN MEXCETEBBIX COEIMHEHUN U Ha ee
OCHOBAaHUM TEPEChUIAET MaKeThl CETEBOTO YPOBHS B CETh Ha3HaueHHUs. YTOOBI
nepeaaTbh CooOIIEHNEe OT OTIIPABUTENS], HAXOASIIETOCs B OTHOM CETH, MOJTy4YaTeto,
HaxomAIIEMyCsl B JPYyIOM CETH, HYKHO COBEPIIMTH HEKOTOPOE KOJIUYECTBO
TPaH3UTHBIX TMepefady MEXIy CETSAMM, KaXIbld pa3 BbIOMpas MNOAXOASIINANA
MapuipyT. Takum o0pa3zom, MapUIpyT MPEACTABIsAECT COOOM MOCIEA0BATEIbHOCTh
MaplIpyTHU3aTOpoOB, 4Yepe3 KoTopble mnpoxoauT mnaker. IIpodaema BbIOOpa
HAMJIYYIIEr0 IYTH HA3BIBACTCH Mapuipymu3ayueii, i ee pelieHue sBJISACTCS
OJHOW M3 IVIaBHBIX 32/1a4 CeTeBOr0 YPOBHA. JTa MpobiieMa OCIOXKHSIETCS TEM,
YTO CaMblid KOPOTKMM NyTh HE BCErJa CaMmblil Jydmiuy. YacTo KpUTEpUEM IPHU
BBIOOpE MapIIpyTa SIBISETCS BpeMs MepeAadyd JaHHBIX [0 ATOMY MaplIpyTy; OHO
3aBHCHUT OT MPOITYCKHOM CIIOCOOHOCTH KaHAJIOB CBS3M M MHTEHCUBHOCTHU Tpaduka,

KOTOpasd MOKET M3MCHATHCA C TCUCHUCM BPCMCHU. HCKOTOpBIC AJITOPHUTMBI
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MapHIpyTU3ANUN THITAIOTCS MPUCTIOCOOUTHCS K M3MEHEHHIO Harpy3KH, B TO BpEMs
KaK Jpyryue MPUHUMAIOT PEIICHUS] HA OCHOBE CPEHUX MOKa3aTeseH 3a IJIUTEIbHOE
BpeMs. BbeiOOp MapuipyTa MOMKET OCYHIECTBISTBCS M IO JIPYTUM KPUTEPUSM,
HaIMpuMep, HaJASKHOCTH Tepefaun. B obmem ciydae QyHKIIMM CETEBOTO YPOBHS
mupe, 4eM (QYHKIUMUA Tepeaadyd COOOIIEHUH 1O CBI3AM C HECTaHIapTHOM
cTpykTypoil. CeTeBOil ypoBEHb pellaeT TakKe 3a7adyd COIJIACOBAHUS Pa3HBIX
TEXHOJIOTUM, YIPOUICHUS aJpecallii B KPYIHBIX CETSIX U CO3JaHUSl HAJACKHBIX U
ruOKkux 0aphepoB Ha MYyTH HEXKENATEILHOTO TpapuKa MEXKIY CETIMH.

CooO1ieHnst CETEBOTO YPOBHS MPUHATO Ha3biBaTh nakemamu (packet). [Ipu
OpraHu3allid JOCTAaBKH IAKETOB HAa CETEBOM YpPOBHE HCHOJB3YETCSl TOHSITHE
«HOMEp ceTh». B 3TOM ciydae ajpec moiyyaTesnasi COCTOMT M3 CTaplliedl 4acTH -
HOMEpAa CETH M MJIAJUIEH - HOMEpa y3Jia B 3TOW ceTu. Bce y3ibl OOHOM CEeTH
JIOJDKHBI UMETh OJTHY U TY K€ CTapIIYI0 YacTh aJipeca, MO3TOMY TEPMUHY «CETh)
Ha CETEBOM YPOBHE MOKHO JaTh U JApyroe, 6osee popMaabHOE ONpEACICHUE: CETh
- 3TO COBOKYIHOCTbH Y3JIOB, CETEBOM aJpec KOTOPBIX COAEPXKHUT OJUH M TOT K€
HOMEp CETH.

Ha ceteBoM ypoBHE OmpenensitoTcs ABa BUAA NPOTOKOJIOB. llepBhiil BUI -
cemegvle NPOMOKOAbL - PEATU3YIOT NPOJBHKEHUE MAKETOB yepe3 ceTh. MIMeHHO
ATH MPOTOKOJBI OOBIYHO MMEIOT B BUAY, KOTJA TOBOPST O MPOTOKOJIAX CETEBOTO
ypoBHs. OJIHAKO YacCTO K CETEBOMY YPOBHIO OTHOCSIT U JIPYTOM BHUJ MPOTOKOJIOB,
HA3bIBAEMBIX MPOTOKOJAMU OOMEHa MapHIpyTHOW HHGOpMAIMEe WIH TPOCTO
npomoxoaamu mapuwipymuzayuu. C TOMOIIBIO 3THUX MNPOTOKOJIOB MapLIPYTH-
3aTopbl coOuparoT HHGOPMAILMIO O TOMOJIOTHU MEXKCETEBBIX COCAMHEHUH.
[IpoTOKOIBI  CETEBOrO  YPOBHS PEAIM3YIOTCS  MPOTPAMMHBIMH ~ MOJYJISIMH
OTIEPAITMOHHON CUCTEMBI, a TaKKe MPOrPAaMMHBIMU W allllapaTHBIMU CPEICTBAMHU
MapHIipyTu3aTopoB. Ha ceTeBoM ypoBHE pabOTarOT MPOTOKOJIBI €I1I¢ OJHOTO THIIA,
KOTOpbIE OTBEUAIOT 32 OTOOpaKEHHWE ajpeca y3ia, UCIOIh3yeMOTr0 Ha CETEBOM
YpOBHE, B JIOKIbHBIM aapec ceTu. Takue MPOTOKOJIBI YacTO Ha3bIBAIOT
npomokonamu paspeuienus aopecog. VIHorna uX OTHOCAT HE K CETEBOMY

YPOBHIO, a K KaHaJIbHOMY YPOBHIO.
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[IpumepamMu  OPOTOKOJOB  CETEBOIO  YPOBHS  SBJISIOTCA  MPOTOKOJI
MexceTeBoro B3aumozeicTBus [P creka TCP /IP m mpoTOKOm MeEXKCETeBOTO
oOmena nakeramu [PX crexa Novell.

TpancnopTHbIil ypOBEHb

Ha myTu oT oTmpaBuTeNs K MOTy4YaTENIO MaKEThl MOTYT OBbITh MCKa>KEHBI
WM yTepsiHbl. XOTS HEKOTOpbIe NPHUIIOKEHHUS HMEIOT COOCTBEHHBIE CpEICTBa
00paboTKH OMMOOK, CYIECTBYIOT U TaKHE, KOTOPhIC MPEAMOYUTAIOT CPpa3y UMETh
N0 C HAACKHBIM coequHeHueM. TpaHcriopTHbid ypoBeHb (Transport layer)
oOecrieunBaeT MPUIOKEHUSAM WM BEPXHUM YPOBHSM CTE€Ka - MPHUKIATHOMY U
CEaHCOBOMY - Iepefadyy JaHHbIX C TOM CTENEHbI) HAIEKHOCTH, KOTOpask UM
Tpebyercsa. Moaens OSI ompezenser msiTh KJIaCCOB CEPBHUCA, MPETOCTaBISEMBIX
TPAHCHIOPTHBIM  YPOBHEM. OTH BHJBl CEpPBHCA OTJIWYAKOTCI KAayeCTBOM
IPEIOCTABISAEMBIX  YCIYI: CPOYHOCTBIO, BO3MOKHOCTBKO  BOCCTaHOBJICHUS
MPEPBAHHOW CBSI3U, HAJIMYHEM CPEJICTB MYJIbTUILUIEKCUPOBAHUS HECKOIBKHX
COCIMHEHUN MEXAY Pa3IuYHBIMU MPHUKIAJHBIMA TPOTOKOJAMH 4Yepe3 OOt
TPAHCHOPTHBIM MPOTOKOJ, a TJABHOE - CIOCOOHOCTBIO K OOHApY)KEHUIO U
MCIIPABJICHUIO OIIMOOK MepeIaun, TaKUX Kak UCKaKEHUe, MoTeps U AyOJupoBaHUe
IMakeToB [5].

Br16op kitacca cepBuca TPaHCIOPTHOTO YPOBHS OMpPEJENSsIETCs, C OJIHOM
CTOPOHBI, T€M, B KaKOW CTEMEHM 3ajjaya OOECIEUCHMS HAJIeKHOCTU PEIIacTCs
CaMUMHU TPWIOKEHUSIMU M TMPOTOKOJaMU OoJiee BBICOKMX, Y€M TPAHCIOPTHBIM,
YpOBHEH, a C JAPYroil CTOPOHBI, 3TOT BBIOOP 3aBUCUT OT TOrO, HACKOJILKO
HAJIC)KHOM SIBJIAETCS CUCTEMa TPAHCIIOPTUPOBKU JAHHBIX B CETH, OOecrieunBaemast
YPOBHSIMH, PACHOJIOKEHHBIMUA HH)KE€ TPAHCHOPTHOTO - CETEBBIM, KAHAJIBHBIM H
¢buznyeckum. Tak, Hampumep, €CJIM KadyeCTBO KaHAJOB Iepeadd CBSI3U OYEHb
BBICOKOE ¥ BEPOATHOCTh BO3HHKHOBEHHUs OIMMOOK, HE OOHapyKEHHBIX
MPOTOKOJIaMHU 0oJiee HU3KWUX ypOBHEH, HEBEIWKA, TO Pa3yMHO BOCIOJB30BAThCS
OJIHUM U3 OOJIETYeHHBIX CEPBUCOB TPAHCIIOPTHOTO YPOBHS, HE OOPEMEHEHHBIX
MHOTOYMCIICHHBIMU ~TPOBEPKAMHM, KBUTUPOBAHUEM U JAPYIrUMU [pUEMaMU

ITOBBIIIICHUS HAIACKHOCTH. Ecmm xe TPAHCIIOPTHBIC CPCACTBA HMIKHHX ypOBHCﬁ
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U3HAYaJbHO HEHAJEXKHbI, TO LI€JIeco00pa3Ho 0OpaTUThCs K Haubojee pa3BUTOMY
CEpBUCY TPAHCIOPTHOTO YPOBHs, KOTOPBI paboTaeT, HUCHOJIB3Ys] MaKCUMyM
CPEICTB U1 OOHApYKEHUS U YCTPAHEHHUs OIIMOOK, BKJIIOUAs IMPEIBAPUTEIIBHOE
YCTAQHOBJIEHHE JIOTMYECKOIO COEJUHEHUS, KOHTPOJIb JOCTaBKM COOOILEHHH IO
KOHTPOJIBHBIM CYMMAaM LHUKJIMYECKOW HyMEpaluH IaKETOB, YCTAaHOBJICHUE TalM-
ayTOB JJOCTABKH U T. II.

[TpoTOKONBI HMKHUX YETHIPEX YpPOBHEH OOOOIIEHHO HAa3bIBAIOT CETEBBIM
TPaHCIIOPTOM HJIM TPAaHCIIOPTHOM IMOJACUCTEMOM, TaK KaK OHU IOJHOCTBIO PELIAOT
3aJa4y TPAHCIOPTHUPOBKH COOOIIEHHWNH C 3aJaHHBIM YPOBHEM KauecTBa B
COCTaBHBIX CETSIX C MPOU3BOJIBHOM TOIOJOTHEW M PA3IMYHBIMU TEXHOJOTHSIMHU.
OcraBmmecss Tpyu BEPXHHUX YPOBHS PELIAIOT 3aJa4M IIPEAOCTABICHUS IPHUKIAJIHbBIX
CEPBUCOB HA OCHOBAHUY UMEIOLIENCS TPAHCIIOPTHOM MTOJACUCTEMBI.

CeaHcoBblil yPOBEHb

CeancoBbiii  ypoBeHb (Session layer) oOecnedynBaeT  yIpaBiICHHE
B3aMMOJICHICTBHEM CTAHIIMA B CETU: (PUKCUPYET, Kakas U3 CTOPOH SBIISETCS
AKTUBHOW B HACTOSIIIUA MOMEHT, MPEJOCTABISIET CPEJCTBa CHUHXPOHU3AIUU.
[TocnenHre TMO3BOJIAIOT BCTABISAThH KOHTPOJBHBIE TOUYKH B JJIMHHBIC TIEpPEIadH,
4TOOBI B CIy4yae OTKa3a MOKHO ObLIO BEPHYTHCS Ha3aJl K MOCIEAHEH KOHTPOILHOM
TOYKE, a HE HayMHATh BCE C Hauajna. Ha mpakThke HEMHOTHE MPHUIIOKEHUS
UCTIONB3YIOT CEaHCOBBIA ypOBEHB, M OH PEAKO pPEaNTn3yeTcsi B BHIE OTACITHHBIX
MPOTOKOJIOB, XOTS (PYHKIIMM STOTO YPOBHS YacTO OOBEAMHSIOT C (YHKIHUSIMH
MPUKIIAJHOTO YPOBHS U PEAIM3YIOT B OJAHOM MPOTOKOJIE [5].

IIpeacraBurebHbIA YPOBEHb

[IpencraButenpublii ypoBeHb (Presentation layer) mmeer nemo ¢ ¢opmoit
NPEJICTaBICHNUS TepeIaBaeMoOil 1O CeTH HHQOpMAIMH, HE MEHSS NPH STOM €e
colepkaHusl. 3a CyYeT YpPOBHA TMpejicCTaBieHUs uHOOpMaIus, TepenaBaemas
MPUKJIATHBIM YPOBHEM OJHOW CHCTEMBI, BCET/Ia MOHATHA NMPHKIAJTHOMY YPOBHIO
npyroi cuctembl. C TOMOMIBIO CPENICTB JAHHOTO YPOBHSI MPOTOKOJIBI MPUKJIIAIHBIX
YPOBHEHW MOTYT MIPEOJI0JIETh CHHTAKCUYECKHUE PA3IHUUS B MPEJACTABICHUH JaHHBIX

WM K€ pa3nuuMs B Kojax cumBosoB, Hanpumep, kogoB ASCII u EBCDIC. Ha
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TOM YypPOBHE MOJKET BBIMIONHATHCS IMH(pPOBaHWE W Oemu(pPOBAHUE TaHHBIX,
Oylarogapsi KOTOPbIM CEKPETHOCTh OOMEHA JJaHHBIMH OOECIEUMBAETCA cpaszy st
BCEX MNPUKIAAHBIX chayk0. [IpruMepoM Takoro mpoTOKOJA SBISETCS MPOTOKOI
Secure Socket Layer (SSL), kortopsiii oOecrieunBaeT CEKpPETHBIM OOMEH
COOOIIEHUSIMU TSI IPOTOKOJIOB IIpUKIIaHOTO YpoBHS cTeka TCP/IP.

IIpuxkiaagHoO# ypoBeHb

[Mpuxnaguoit ypoBenb (Application layer) - »3T0 mpocto Habop
pPa3HOO0pa3HbIX IPOTOKOJIOB, C IOMOIIBIO KOTOPBIX MOJIB30BATENN CETU MOTYYaIOT
JOCTYIl K pa3felsieMblM pecypcaM, TakuM Kak (ailyibl, TPUHTEpPHl WM
TUIIEPTEKCTOBbIE Web-CTpaHUIbl U T.1. EAuHUIIA NaHHBIX, KOTOPOW ONEpPUPYET
MPUKIIATHOM YPOBEHB, HA3BIBACTCS COOOU4eHUeM (message).

Cere3aBucuMbIe U ceTeHe3aBHCHMbIe YPOBHHU

®yukiuu Bcex ypoBHel monenu OSI moryT ObITh OTHECEHBI K OJHOW U3
JIBYX Tpynim: Ju00 K (YHKUMSAM, 3aBUCAIIUM OT KOHKPETHOM TEXHUYECKOU
peanu3anuy CeTh, JMO00 K (QYHKIMSIM, OpPUEHTUPOBAHHBIM Ha paboTy C

IIPUITOKCHUAMMU.

Tpu HWKHUX YpPOBHS - (PU3UYECKUN, KaHAJbHBIM U CETEBOM - SBISIIOTCA
CETE3aBUCHUMBIMH, T. €. MIPOTOKOJBI 3TUX YPOBHEH TECHO CBSI3aHBI C TEXHHUYECKON
peaiM3aled CeTM W UCHOJb3YEeMbIM KOMMYHHMKAI[MOHHBIM OOOPYJOBaHHUEM.
Hampumep, mnepexonq Ha o6opynoBanne FDDI o3Hawaer mnonHy CMEHY

MPOTOKOJIOB (PU3UUYECKOTO U KAHAIIBHOTO YPOBHEH BO BCEX y3J1aX CETH.

Tpu BepXHHUX YpOBHA - NPUKIAAHOM, MPEACTABUTEIBHBIA U CEAHCOBBIU -
OpPUEHTHUPOBAHBI HA TIPHJIOKEHHUS M MaJIO 3aBUCIT OT TEXHUYECKHX OCOOCHHOCTEH
NMOCTpoeHus ceTu. Ha mpoTOKOIIbI ATHUX YPOBHEH HE BIUAIOT KaKue Obl TO HU OBLIO
W3MEHEHUsI B TOTOJIOTHU CETH: 3aMEHa OOOpYJOBaHUS WJIM MEPEeXoi Ha APYTYIO

CCTCBYIO TCXHOJIOTHIO.

TpaHCHOPTHBIN YPOBEHB SBIISIETCS MPOMEKYTOUHBIM, OH CKPBIBAET JETAIH
GYyHKIMOHUPOBAHUS  HIDKHMX  ypOBHEH OT  BEPXHUX. OTO  TO3BOJISIET

p33pa6aTBIBaTB IMPpUIIOXKCHUA, HC 3aBHUCAIIMUC OT TCXHHUYCCKHUX CpPCACTB
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TPAHCIIOPTUPOBKH IIPUIIOKEHNH.

5.2. CTek npoToKo.10B

TCP/IP - cobuparenbHOE Ha3BaHME JJi1 HA0opa (CTeKa) CETEBBIX MPOTOKOJIOB

TCP/IP

pa3HBIX YPOBHEH, ucmoab3yeMbix B lernet. Ocodennoctu TCP/IP:

e OTKpBITBIE CTAHAAPTHI IPOTOKOJIOB, pa3padaTbIBa€MbIE HE3aBUCHMO OT

IMpOrpaMMHOTO U aIlllapaTHOT'O O6€CH€‘{€HI/I${;

¢ HE3aBHCHUMOCTH OT (PU3NYECKON CpeJibl IepeIayu;

e CHCTCMaA YHHKaHBHOﬁ aJpcCaluu,

e CTAaHOAPTHU30BAHHBIC ITPOTOKOJIBI BEICOKOI'O YPOBHA AJIA PACIIPOCTPAHCHHBIX

IMOJIb30BAaTCIbCKUX CCPBUCOB.

Application Layer
(Yp OBeHE NP eHH)

Transport Laver
(TpaHCTIOpPTHEE YDOBEHE)

Internet Layer
(IieskceTeB0R YPOBEHE)

Networle Access Layer
(¥poOBEHE OOCTYTIA K
Cp ene ep efad)

TCP

UDP

strearmn (TTOTOK)

message (cooblleHne)

datagram datagram
(mefTarpana (mefTarpanva
trarme (ranp) trame (xapp)

Puc. 5.2. Crex npotokosioB TCP/IP

Crex nporokonoB TCP/IP (puc. 5.2) nenutcs Ha 4 ypOBHS: HPUKIAOHOIU
(application), mpancnopmmuulit (transport), mexyccemesoil (internet) u ypoeeHb
docmyna K cpede nepeoauu (network access). TepMHUHBbI, TpUMEHSIEMbIE IS
o0o3HaueHus OJIOKa TepeaaBacMbIX JaHHBIX, Pa3JIMYHBI TPU HCIOJIb30BAHUH

pPa3HBIX MPOTOKOJOB TpaHcopTHOTO ypoBHA - TCP u UDP, nostomy Ha puc.5.2
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n300paxeno nBa creka. Kak u B monmenu OSI, gannbie Gojiee BEpXHUX ypOBHEH

WHKAICYJIUPYIOTCS B AKEThl HIXKHUX YPOBHEH (puc. 5.3).

' JTAHHEIE TIPHIOMKEHMT

-

=

T CP-certasdT: o argjg:% ok Hagueie TCP-cemieHTa
IP-mefTarp ania: IP- 1]
Ip AL OHOBCK HatHble [P-mefTarpanivbl
¥an Ethernet-
p |saronobox Hannrle Ethernet-xanpa
Ethernet:

Puc. 5.3. Ilpumep unkancynauuu naketos B cteke TCP/IP

[IpumepHoe cootHomenue ypoBHer ctexkoB OSI um TCP/IP mnoka3zano

Ha puc. 5.4.
OS5I TCP/IP
T IpurmamHoi _
IIpencraeneqya HpHETamHOR
(_egHCOBLI
— TpaHCIOpTHEIA
TpaHcrlopTHEH |
Ceremoii | Mewceresod
K aHanEHELH Hoetyma K
DM Uk A CpeAs ep et

Puc. 5.4. CootHomienue ypoBueit ctekoB OSI u TCP/IP
Huxe kpaTko paccMaTpuBaroTcss QyHKIMH KaXI0T0:
IIpuknaaHoi ypoBeHb (YPOBEHb NPHUJIOKEHU)
[Tpunoxenusi, padotatouue co crekom TCP/IP, MOryT Takke BBINOIHSATH

GyHKIIMM YpPOBHEH TMPEACTaBICHHS W 4YacTUYHO ceaHcoBoro wmoxaenu OSI;

73



HanpuMep, npeoOpa3zoBaHUe JaHHBIX K BHEIIHEMY MPEICTABICHUIO, TPYNIUPOBKA
JAQHHBIX JUIA [IEpeladu U T.II.

[Tpumepamu npunoxenunit sBusitorcss HTTP-cepepsr u kinuentsl (WWW-
Opay3epbl), TPOrpaMMbl PadOTHI C IJEKTPOHHOM MTOYTOM.

JI71s IepechUIKU TaHHBIX JPYTOMY MPUIIOKEHHUIO MPUIIOKEHUE oOpalaercs K
TOMY WJIM UHOMY MOJIYJIIO TPAHCIIOPTHOTO YPOBHSI.

TpancnopTHbIil ypOBEHb

[TpoTOKOJIBI TPAHCIIOPTHOTO YPOBHS 00ECTIEUMBAIOT MPO3PAUHYIO (CKBO3HYIO)
noctaBky naHHbIX (end-to-end delivery service) Mexay ABYMS HPHUKIATHBIMUA
npoueccamu. [Iporecc, nmomydarommi UM OTHPABISIONIMNA JTaHHBIE C MTOMOIIBIO
TPAHCIIOPTHOTO YPOBHS, UACHTU(DULUPYETCS Ha 3TOM YPOBHE HOMEPOM, KOTOPBIN
Ha3bIBAETCSI HOMEPOM MopTa. Takum o00pa3oM, pojib aapeca OTHPABUTENS U
noJiyJatesis Ha TPaHCIOPTHOM YPOBHE BBITIOJHSAET HOMEp MopTa (MM MPOIIEe -
nopT).

AHanM3upys 3arojIOBOK CBOETO MAaKeTa, ITOJIYYEHHOrO0 OT MEKCETEBOIO
YPOBHS, TPAHCHOPTHBIA MOAYJb ONPEAENAET IO HOMEPY MOpTa IMOIy4daTens,
KaKOMY W3 MTPUKIIAIHBIX [TPOLECCOB HANIPABJIEHBI JAHHBIE, U MIEPENAET ITH JAHHBIE
COOTBETCTBYIOIIEMY ITPUKJIAAHOMY Ipoleccy (BO3MOXKHO, MOCIE MPOBEPKU UX Ha
Hajau4Me omuOoKk u T.1.). Homepa mopToB moiydarenss ©  OTIpaBUTENS
3aIMCBHIBAIOTCS B 3aroJIOBOK TPAHCIOPTHBIM MOJYJIEM, OTHPABJISIOIIMM JaHHBIE;
3arojIOBOK TPAHCIOPTHOTO YPOBHSI COAEPKHUT Takke U APYTyr CIyKeOHYIO
uH(popmanuio; (Gopmar 3arojioBKa 3aBUCUT OT HCIOJIB3YEMOTO TPAHCHOPTHOTO
IIPOTOKOJIA.

Ha TtpancnoptHOM ypoBHE paboTaroT ABa OCHOBHBIX npoTokojia: UDP u TCP.

MexceTeBoil ypoBeHb

OCHOBHBIM TMPOTOKOJIOM 3TOr0 YpoBHA siBisieTcsi npotokon [P (Internet
Protocol).

[IpoTtokon IP pocrammisier OJIOKM JaHHBIX, Ha3bIBaeMbIEC JIeUTarpaMMamu, OT
onHoro IP-agpeca x napyromy. IP-aapec sBnsieTcss yHUKaNbHBIM 32-OUTHBIM

UJIEHTU(PUKATOPOM KOMIBIOTEPA (TOYHEE, €ro ceTeBoro nurepdeiica). Jlanunie ais
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JendtarpaMMbl  niepefarorcss  IP-mMoxymo TpaHcnopTHBIM - ypoBHeEM. IP-monyib
IpeABapseT 3TU JAaHHBIE 3aroJoBKOM, conepxkammMm [P-axpeca ormpaBurens u
noyiy4arens ¥ JpYrylo ciaykeOHyro HHpopManuio, U cPopMUpOBaHHAS TAKUM
oOpa3oM jeiiTarpaMMa MepeAaceTcs Ha YpPOBEHb JOCTyNa K Cpele Mepenadyu
(Hanpumep, OAHOMY U3 (U3UYECKUX HHTEP(EHCOB) IJIS OTIPABKU MO KaHATY
nepenayu JaHHbIX.

He Bce KOMIBIOTEPBI MOT'YT HENOCPEIACTBEHHO CBS3ATHCS IPYr C APYIOM;
4acTo JJIsi TOTO, 4TOOBI mMepenaTh JeHTarpaMMmy [0 Ha3HAUYEHUIO, Tpelyercs
HaIlpaBUTh €€ Yepe3 OJUH WM HECKOJIBKO MPOMEXYTOUYHBIX KOMIIBIOTEPOB IIO
TOMYy WIM HWHOMY MAapLIPyTy. 3ajada OIpPEAENeHUs MapupyTra sl KaKIou
JleUTarpaMMsbl perraeTcs npoTokoyioM [P.

YpoBeHb J0CTyNA K cpele nepeaavu

@DYHKIMU 3TOrO YPOBHS:

o oroOpaxenue [P-agpecoB B ¢usuueckue aapeca cetn (MAC-agpeca,
Hanpumep, FEthernet-anpec B cnyuae cetu FEthernet). Oty dyHkuio
BbITIONIHAET MpoTokoa ARP (paszn. 3.5);

o wuHKancymsauus IP-geditarpaMm B Kaapel il mepenayd mno (pu3n4ecKomy
KaHAly W W3BJCUYCHHE JehTarpamMMm u3 kaapoB. [Ipu stom He Tpebyercs
KaKOT0-TM0O KOHTPOJIsA 0e30mHUO0YHOCTH Tepeaadn (XOTS OH MOXET U
MPUCYTCTBOBATH), MOCKOJBbKY B cTeke TCP/IP Takoil KOHTPOJIb BO3JIOKEH Ha
TPaHCIIOPTHBIN YPOBEHBb WIIM HA CaAMO NIPUIIOKEHUE;

o OIpeneNeHue MeTofa JO0CTylna K cpele mnepejayd — T. €. crocola, ¢
IIOMOIIBI0 KOTOPOrO KOMIBIOTEP YCTAHABIMBAET CBOE MPABO Ha
IIPOU3BEIECHUE NIEPEIaYM TaHHBIX;

o OIpeleNieHUE MPEACTABICHUS IaHHBIX B PU3NYECKON Cpele;

e TMEpechlIKa U MPHUEM Kajipa.
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6. IPOMBIIIJIEHHBIE CETH
6.1. HART — nporoxou

[ToneBoit koMmmyHHKaUMOHHBIM npoTokosl HART mmpoko mpumensiercs B
MPOMBIIIUICHHOCTH KaK CTaHaapT s UudpoBoil KOMMyHHKanuu co '"smart"-
npudopamu. IIpotokon HART (Highway Addressable Remote Transducer)
paspaboran pupmoii Rosemount Inc. B cepenune 80-x TIT., peaqu3yeT U3BECTHBIN
cranaapt BELL 202 FSK (Frequency Shift Keying).

Ero ocoOEHHOCTP B TOM, YTO OH MCHOJB3YET ISl MHepenadd LHUpPOBBIX
JIAHHBIX HU3KOYPOBHEBYIO YACTOTHYIO MOAYJISILIMIO, HAJOKEHHYIO HA aHAJOTOBBIN
curHan 4-20 mA (toxoBas mnetisi). O6men ganueiMu o HART mnportoxomy
npoucxoaut Ha ckopoctu 1200 boxa. OTta equHnna Ha3BaHa B 4eCTh OMWIS boao
(Jean Maurice-Emile Baudot) (1845-1903), dpaniry3ckoro wuHXeHepa II0
Tenerpaduu, M300peraresns MepBOro NEYaTarollero yCcTpoucTBa it Tenerpada.
Cxema, nosicasitomias paborty npudopo no HART mportokoiy, npeacraBieHa Ha
puc.6.1.

Hnsa nepenaun normyeckor "1" HART uncnons3yer oJWH MOJIHBIA MEPUOJ
gactoTel 1200 I'u, a mis nmepegaum snormyeckoro "0" - qBa HEMOJHBIX MEPUOIA
2200 TI'm. Kak Buano nHa puc.6.1, HART cocraBnstomas HakiaablBacTCs Ha
TOKOBYIO TieTiiio 4-20 MA. TlockoJibKy cpelHee 3HaUY€HUE CUHYCOUbI 3a MEPUOJ
paBHO "0", To HART curnan HUKaK He BJIMSET HAa aHAJIOTOBBIN curHai 4-20 MA,
KOTOPBIN TTO3TOMY TOXE MOKET UCIOJIb30BATHCA.

HART npoTOKOJI IOCTPOEH MO MPUHIUITY "'TJIABHBIN - MOJYUHEHHBIN", T. €.
IIOJIEBOE YCTPOMCTBO OTBEYAET IO 3ampocy cucTeMbl. [IpoTokon momyckaer
HaJIM4Me JBYX YIPaBISIOIIMX  YCTPOMCTB  (ympaBisiomas cucremMa U
KOMMYHHUKATOP).

CymiecTByeT JBa pexuma paboThl JATYUKOB, IMOJJIEPKUBAIOIIMX OOMEH

nanaeiMu o HART mpoTtokody.
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Puc. 6.1. Cxema pabotet HART nporokona

6.2. OnHOTOYEeUYHBIN pesKUM Nepeaadu JaHHbIX

Pexxum mepenaun mmudpoBoit uHbOpMAIIMK OJHOBPEMEHHO C aHAJIOTOBHIM
CUTHAJIOM NPEJICTaBIIEH Ha puc. 6.2.

OOBIYHO B 3TOM pexuMe JaTuuk padboraer B aHanoroBeix ACYTII, a oomen
no HART-npotokony ocymectisiercs: nocpencteom HART kommyHukaropa uiun
KoMmmbioTepa. [Ipu aTom MoxkHO ynanenHo (pacctosiaue 10 3000 M) ocyIecTBIsATh
MOJIHYIO HACTPOUKY U KOH(PUTYPUPOBAHKE JATUHKA.

Tenepp omeparopy HET HEOOXOAUMOCTH OOXOAUTh BCE JaTUYMKU Ha
NPEANPUATAA, OH MOXET WX HACTPOHUTHh HEMOCPEICTBEHHO CO CBOETO paboyero

MECTa.
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Puc. 6.2. OqHoTOYeUHBIN peXUM nepeaadn uppoBor nHboOpMaIuu

6.3. MHOTroTOYeUYHbBIii pesKMM Nnepeaayu JaHHbIX

B wMHororoueynom pexume (puc.6.3) natuyMk TmiepesaeT M MOJydaeT
nH(OPMAITUIO TOJBKO B ITU(GPOBOM BHAC. AHAIOTOBBIA BBIXOJ] aBTOMATHYECCKH
buKcupyeTcss Ha MUHUMAJIbHOM 3HAY€HHUH (TOJIBKO TUTAHUE YCTPOIMCTBA - 4 MA) U
HE colepxuT uHpopMauuu o0 wu3Mepsemor BenuuuHe. WHopmanusa o

nepeMeHHbIX nporecca cuutbiBaetcs o HART-nporokoiy.

HART -pao qoea HART Ao 15 naTereon

T ]

| = .
[

Yigasiamulee
TP TR
(MK sare HART - s osast i 1000

Puc. 6.3. MHOTOTOUCUHBIH PEXUM TIepeiadn HHHOPMATIHH
K onHol mape mpoBOJOB MOXET ObITH MOJKIIOYEHO 10 15 martumkoB. Mx
KOJIMYECTBO OMNPEICNIICTCA IJIMHOM M KAa4Ye€CTBOM JIMHUHU, a TaKXKE MOIIHOCTHIO

OJI0Ka TTUTaHHS JaTYHNKOB. Bce JaTYUKW B MHOI'OTOYCYHOM PCKUMEC MMCIOT CBOM
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YHUKaIbHBIA azapec oT 1 go 15, m oOpameHue K KaxAoOMy HIET II0
COOTBETCTBYIOIIEMY anapecy. KommyHMKaTop WM CHCTEMa  YIPABICHUS
OTIpEJIEIISIET BCE NaTYMKU, OAKIIOYEHHBIE K JIMHUU, U MOXET padoTaTh C JIOOBIM
U3 HUX.

O6biyHo B aHamoroBod  ACVYTII  mpucyTcTByeT  MHOMXECTBO
WHTEJUIEKTYalIbHBIX TOJEBbIX MPUOOpPOB, paboTaromux B pexkume 4-20 MA +
HART. B stom crnydae ynajiieHHas HacTpOWKa M KOH(PUTYPUPOBAHHUE TATYHNKOB
npu nomomu  HART-kommynumkaropa wm  HART-momema  TpeOyer
MOCIIEIOBATEIBLHOIO MOJKIIOUYEHUS KOMMYHUKAIIMOHHOTO YCTPOMCTBA K KAXKIOU
muHuM 4-20 MA, uaymen oT COOTBETCTBYIOIIUX TPHUOOPOB.

Jlns pellieHus MOCTaBICHHOM 3aja4M Tpeaiaraetcss ucnoyib3zoBatb HART-
MynbTHILUIEKCOp. Ilpu TakoMm mnoaxone npuOOpbl NPOJOJDKAIOT IEpeAaBaTh
U3MEpPUTENHbHYI0 UH(POPMAIIMIO B CUCTEMY IO TOKOBOMY Bbixoay 4-20 MA, a ux
KoH(Urypamuss MoXeT OBbITb HM3MEHEHa C OJHOro IMGpPOBOrO BBIXOJA
YIPaBISIOMIEN CUCTEMBL.

CBsi3p MyJBTUILIEKCOPA C CHCTEMOM YHOPAaBJIEHUS OCYIIECTBISECTCS IO
untepdeiicy RS-485 wiu RS-232. [Ipu 3TOM MOXHO OOBEIUHUTH B CETh OKOJIO
500 mpubopor (Hanmpumep, 30 MyIBTUILUIEKCOPOB, coeAuHEHHBIX M0 RS-485, 16
KaHaJIOB KaKJIbIi).

CrpykTypHasg cxema pabOoTbl MyJbTHILUIEKCOpPA B aHAJIOrOBOM CHCTEME
npenacrasiieHa Ha puc.6.4 (uuuu 2,3,..n).

CymiecTByeT BO3MOKHOCTh TMOCTPOEHHSI € ITOMOIIBIO MYJBTHUILIEKCOPA
uM(ppoBOil cucTeMbl cOOpa U BU3yaIU3alud HHPOPMALIUH.

B stoMm cityyae kaxapiid KaHaia MYJIBTHUILIEKCOpPAa MOXET ONpalivMBaTh 10
15 maTumkoB, MOAKIIOUYEHHBIX K OJHOM TOKOBOM MeETIIe.

[Ipy TakoM TMOAKIIOYEHHHM 3aTpaThl Ha KaOCTbHYI MPOJYKIIHIO

CYILIECTBEHHO CHUKAIOTCA (CM. puc. 6.4).
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Puc. 6.4. CtpykTypHasi cxema padoThl MyJbTUILIEKCOPA

6.4. OnpenesieHne NPOMBIILJIEHHOI ceTH

[TpompblliuieHHasT Ce€Th — 3TO HAOOP CTaHAAPTHBIX MPOTOKOJIOB OOMEHa
JaHHBIMH, TO3BOJIIIONIMX  CBSA3aTh  BOGAMHO  OOOpYyJOBaHHME  (JATYHKH,
WCIIOJIHUTENIbHBIE MEXaHU3MbI, MPOMBIIUICHHBIE KOHTPOJUIEPHI) Pa3IMYHBIX
MPOU3BOMTENIEH, a TaKXke OOECHEYUTh B3aUMOJECUCTBUE HUKHEIO M BEPXHETO
ypoBHeil ACY.

B mnpombIIeHHBIX CeTSX Ui TIepefaud JaHHBIX TMPUMEHSIOT KaOenu,
ONTOBOJIOKOHHBIE JTMHUH, OCCIPOBOIHYIO CBS3b. [IpOMBIIUIEHHBIE CETH MOTYT
B3aMMOJICUCTBOBATh C OOBIYHBIMH KOMIIBIOTEPHBIMU CETSIMH, B YaCTHOCTH,
UCITIOJIB30BaTh TJI00ANTbHYIO ceTh Internet.

Beigenstor  Tpu  HamOoniee 3HAYMMBIX — MapamMeTpa, 10 KOTOPBIM
Kiaccuumupytot cetu [4]: Tomosorus cetu, 00beM HHPOPMAIIMOHHOTO CEpPBUCA,
MPEIOCTABIIEMOTO CEThIO, U CIIOCO0 JOCTyma K (PU3NUIeCKOMy KaHaIy mepeaadn

JITaHHBIX.
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Tomonorus cereit (oO1as muHa, KOJIbIIO, 3B€37a) paccMOTpeHa B 1.7.

6.5. O0bem MH(POPMALIMOHHOIO CepBHCA

O w™Mogmenu, pasrpaHduyuBapIied u  QopManusylomed  QyHKIUH,
BBINIOJIHAEMbIE  PA3IMYHBIMM ~ YPOBHSIMU  alllapaTHOTO W MPOTPaMMHOIO
oOeclieyeHus1 CETeBOWM CTPYKTYpbl, HU3JI0XKEHO B pa3a. 5. Ha mnpaktuke
OOJIBIIMHCTBO MPOMBIILICHHBIX CETEH OrpaHUYMBAETCS TOJIBKO TPEMsI YPOBHSAMMU:
bu3nYecKuM, KaHaIbHBIM U NpUKIaaHbM. JlemeBsie cetn (Hanpumep, ModBus)
3a4acTyl0 UCMOJIb3YIOT Ha ¢u3udeckoM ypoBHe uHTepdeiic RS-232 unmu RS-485,
a BCE OCTAJIbHBIC 33J]Ja4, HAUYMHAs C KAHAJIbBHOTO YPOBHS, PEIIAIOT MPOrPaAMMHBIM

Iy TEM.

6.6. Cetn ASI (Actuator Sensor Interface)

OcHoBHasi 3ajaya ATOW CETU - CBSI3aTh B €IUMHYI HH()OPMALMOHHYIO
CTPYKTYpPY YCTPOICTBA CaMOIr0 HUKHErO0 YPOBHSI aBTOMATHU3UPYEMOTO Mpolecca
(maT4uKM W Pa3HOOOpa3HbIE UCIOJIHUTEIBHBIE MEXaHU3MbI) C CHCTEMOU
KOHTPOJIJIEPOB.

ASI-unTepdeiic Mmo3BoIsSET 4Yepe3 CBOM KOMMYHHKAIMOHHBIC JIMHUM HE
TOJBKO TIepeAaBaTh JaHHbIC, HO W 3alHUTHIBaTh JATUUKU. 3]1€Ch UCMOJb3yeTCs
MIPUHITUI MOCTEA0BATENbHON nepenaun Ha 6a3oBoi yactote. MHpopManinoHHbIH
CUTHAJI MOAYJIUPYETCS HA MUTAIOILYIO YacTOTY.

B  kauyectBe  (u3nueckod  cpedbl  HMCIOJB3YETCS  CIELHAbHBIN
HEIKPAHUPOBAHHBIA JIBYXIPOBOJHBIA Kabelb ¢ TpamnerueBUIHBIM MPOodUiIeM.
D1OT Kabeinb TO3BOJSET TMOAKIOYATh JAaTYUMKH, YCTAHABJIMBAEMbIE Ha
MOJIBYDKHBIX 4YacTsAX MexXaHu3MoB. Tomojiormeii ASI-cetm MOKeT OBITh IIHMHA,

3B€3/1a, KOJIBLIO WJIM JIEPEBO € LUKIJIOM orpoca 31 y3ma 3a 5 Mc.

6.7. Cerb FOUNDATION FIELDBUS
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OcHOBHast 00J1aCTh MPUMEHEHHUS] 3TOM CETH - CaMblii HWKHHUI YpPOBEHb
pacnpeeseHHON CUCTEMbl aBTOMAaTU3aluu ¢ OOBA3KON YCTPOMCTB, padOTaroIMX
BO B3pPBIBOONACHBIX CPEJaX M MCHOJb3YIOIIMX CETh Kak JIsl MH(OPMALMOHHOIO
oOMeHa, TaK U JJi1 COOCTBEHHOM 3aIUTKH.

Foundation Fieldbus (FF) — camplii MoJ0m0i M OBICTPO pPaCTYIIHMA
CTaHJapT Ha MpoMbllUIeHHYI0 ceTb. FF mpexacraBnser coOoil BYXYypOBHEBBII
CETEeBOU MPOTOKOJI, COUETAIOIIUI YepThl MOITHONW MH(DOPMAIIMOHHONW MarucTpaiu
JUIsl OOBEIUHEHMS] KOMIIBIOTEPOB BEPXHEr0 YPOBHS M YHPABISIOIIEH CETH,
OOBEIUHAIOMIEH KOHTPOJUIEPHI, YIPABISAIONIME KOMIIBIOTEPBI, JATYUKH U
UCITOJIHUTENIbHBIE MEXAHU3MBI.

Ha HmkHeM ypoBHE B KauecTBe (PM3MUECKOHN Cpelpl Mepeiay JaHHBIX 32
ocHOBY B3AT ctangapT [EC 61158-2, koTopeli TO3BOJISET UCHOJIB30BaTh ceTh FF
Ha B3pBIBOOIIACHBIX ITPOM3BOJACTBAX C BO3MOXXHOCTBIO 3alUTKH JaTYHUKOB
HEIOCPEACTBEHHO OT KaHaja cBA3M. CKOpOCTh mepenaud HHGOpManud Ha
HIKHEM ypoBHe cocTasisieT 31,5 Kour/c.

Ha BepxHEM ypoBHE B HacTosllee BpeMs, Kak MpaBWiIo, ucnoisb3yercs FF
HSE (High Speed Ethernet), ocHoBaHHBI, KaK BUJHO IO Ha3BaHUIO, Ha CETU
Ethernet co ckopoctbio 100 Mo6ut/c. Ocobennoctbio crannapta FF sBisiercs o,
YTO B HEM ONpEACieH JIOMOJHUTENbHBIN MOJIb30BaTEIbCKU ypoBeHb (User
Layer), mo3BoJIAIOIINI, TPUMEHSIS TPEAOIIPEACIICHHbIE (PYHKIIMOHAIbHbIE OJIOKH,

CTPOUTH IMPOMBIINIJICHHBIC CECTHU C PACIIPCACICHHBIM HHTCIIJICKTOM.

6.8. Cet PROFIBUS

[Tpu noCTpOEHNM MHOTOYPOBHEBBIX CUCTEM aBTOMAaTH3AlMH, KaK IPABUIIO,
CTOSIT 3a/laud OpraHu3alMK HHMOPMAMOHHOTO OOMEHa MeXay YypoBHsAMH. B
OJTHOM cllydae HEOoOXOAUM OOMEH COOOIIEHUSMH Ha CPEIHUX CKOpOCTsIX. B
JIPYroM - OBICTpBII OOMEH KOPOTKMMHU COOOIIEHUSMU C HCIOJIb30BAHUEM
YIPOILEHHOTO MPOTOKOJa oOMeHa (YypOBEHb NaT4MKOB). B TpeThem Tpebyercs
paboTa B OMACHBIX y4YacTKax HPOM3BOJACTBa (mepepaboTka raza, XMMHYECKOE
npou3BoJicTBO). Jns Bcex atux cinydaeB PROFIBUS umeer pemenue. Ceroans
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nox PROFIBUS mnoHuMaercss COBOKYNHOCTb TpPEX OTAENBHBIX IMPOTOKOJIOB!
PROFIBUS-FMS, PROFIBUS-DP u PROFIBUS-PA. Bce Tpu BapuaHra
MPOTOKOJIA UCTIONB3YIOT OO KaHAIBHBIA YpOBEeHb (ypoBeHb 2 OSI-Mozaenn).

[Ipotokon PROFIBUS-FMS BkimtoyaeT B ceOs JOMOJHUTEIbHBIC THIIBI
naketoB (Fieldbus Message Specification), mosiBujiCS TEpBBIM U ObLI
npeaHa3HayeH g paboThl HA TaKk Ha3bIBaeMOM I1eXOBOM YypoBHe. [lo3Bosier
OpPraHU30BBIBATH B OJIHOM CETU Pa0OTY HECKOIbKUX aKTUBHBIX CTAHIIMM.

[Iporokon PROFIBUS-DP Obl1  copoekTHpoOBaH il OpraHu3aluu
obicTporo (1o 12 M6uTt/c) KaHana CBSI3U C JATYUKOBBIM ypoBHeM. Dusndeckas
cpena mepegayn — SKpaHMpOBaHHas BUTas mapa cranpapra RS-485. B ocHoBe
alroput™Ma padOoThl JICKUT MOJENb ITUKIMYECKOTO ompoca KkaHajioB. Kpome
ATOTO, CYLIECTBYET HA0Op AIMKIMYECKUX (PYHKUMN Il KOHPUTYpUPOBAHMUS,
JMarHOCTUKHU U MOAJAEPKKU curHajaoB. B DP-mipoTokosne CyliecTBYIOT TpU THUIIA
YCTPOMCTB.

[Ipotokon PROFIBUS-PA — cereBoii unTepdeiic, pusznueckas cpena
nepeaaur JaHHBIX KOTOPOTO COOTBETCTBYeT TpeboBaHusM ctanaapra IEC 61158-
2. MoXeT NpuMEeHSTHCS ISl IOCTPOCHUSI CETH, COCTUHSIOMIEN UCTIOTHUTEIbHBIC
YCTPOMCTBA, AATYMKU U KOHTPOJUIEPHI, PACIOJI0KEHHBIE HEMOCPEICTBEHHO BO
B3PBIBOOINACHOW 30HE. OH MOKET HCMOJIb30BAaThCS B KAa4€CTBE 3aMEHBI CTapoil
TEXHOJIOTUU CBs3U - 4-20 MA. [l KOMMyTaluu yCTPOMCTB HY>XKHa BCErO OJHA
BUTasl Iapa, KOTOpash MOXET OJHOBPEMEHHO UCIOIb30BaThCA W IS
nH(pOpMaITMOHHOTO 0OMEHA, U JJIsl 3alUTHIBAaHUSL YCTPOMCTB.

Ha omnom ¢usnueckom kananme (RS - 485 win oONTOBOJIOKOHHOM)
OJTHOBpEeMEHHO MOTyT paborats yctpoiictBa PROFIBUS Bcex Ttpex Tumos.
Pabouasi ckopocTh mepenauyd MOKeT ObITh BbhIOpaHa B auamazone 9,6-12000
Kout/c.

PROFIBUS mupoko wucnofib3yercsi s MOJAEPHHU3ALMU U PACHIUPECHHS
BO3MOXXHOCTEH CyHIeCTBYIOIMX cUCTeM. Eciu Tpebyercs oObEIUHUTH B

ACTCPMUHHUPOBAHHYKO CCTh HCCKOJIBKO KOHTPOJIJICPOB, OIITUMAJIBHBIM BAPpHWUAHTOM
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oyner PROFIBUS-FMS. JIns co3gaHus CETH ¢ LUEHTPAIU30BAaHHBIM WHTEJIEKTOM

U pacmpeeeHHBIM BBOIOM/BBIBOIOM Jiydirie Beero mozoiaer PROFIBUS-DP.
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