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BCTYII

CooroaHi Bxe BaKKO YABMTH c¢o6i, AK JIOAM JKMIM KOJUChL 0e3
KOMIT'HOTepHUX Mepex. Bnepiue iges 38’A3aTH Kijibka HE3a1€XKHO NPALIOOUMX
KOMIT'IOTepIB B €MHY pO3NOAiiNeHy OGYHCIIOBAIBHY CHCTEMY BUHHK/IA B Cepe-
AuHi 60-x pokiB XX CTONITTA. A AKINO FOBOPUTH GiNlbLU KOHKPETHO, TO TepLIHii
YCTILIHMI eKCIIEPUMEHT 3 TNepejadi JUCKPETHUX MAKETIB JaHMX MiX ABOMa
KoMmmn’ioTepamu nposis y 1965 poui Monoauit nocaiaduk 3 naGoparopii JliHko-
nbHa MaccauyceTcekoro TexHonoriuboro iHcTuTyTy Jlapi Po6epre. Anroputmu
nepejlayi faHMX, 3anpornoHoBaHi PoBeprcoM, 6araTo B YoMy CTalnH OCHOBOKO
anst nobynosaroi B 1969 poui 3 iHiliaTuBM aMepuKaHCBKOTO ATEHTCTBA Mepc-
MEeKTUBHUX HAyKOBUX nocnijkeHb (Advanced Research Projects Agency,
ARPA) rnobansHoi obuncmoBanbHoi Mepexxi ARPANet, a Bona 3romow,
00’€HaBIIKNCh 3 KiTbKOMA iHIIUMH ICHYIOUHMH Ha TOH MOMEHT MepesKaMH, CTa-
n1a pyHNaMeHTOM, Ha AKOMY BUpIC cy4acHuii [HTepHeT.

Onnak i GaratoTepMiHanbHi CHCTEMH, AKI LWUMPOKO BUKOPHCTOBYBATUCA B Ti
4acH i B AKMX KOPMCTYBayaM HaJaBaBCi JOCTYN IO OJHOIO I'ONOBHOrO Garato-
(yHKLIOHANBEHOr0 KOMII'IOTEpa 3a JOMOMOTO0 JEKINBKOX KiHUEBHX MIPUCTPOIB
BIAANICHOTO MiJKIOMEHHS — TepMiHaiB — 3a MPUHLMIIOM MOALTY NPOLECOPHO-
ro vacy, i rnobaneHi Mepesxi, aki 06’eAHyBanu Mixk coGor0 MeitHppeitmu Benu-
KNX OOYUCNIOBAILHUX LUEHTpIiB Ta naGopatopiii, Oyian nuiue npearteyero Jioka-
ILHUX MEPeX B IX HUHIWHBOMY PO3yMiHHi. ICTOTHHII MOIUTOBX B HATIPAMKY po-
3BUTKY MalliX JIOKaTbHHX Mepex NaB OypXIMBHI PO3BHTOK Yy OPYTill MONOBUHI
70-x poKiB nepcoHasbHUX KOMI'IOTEpiB. | B aBaHrapai uboro mpouecy crosia
dipma Xerox. Came imxenep-aocninsmuk ¢pipmu Xerox PoGepr Metkand Brep-
e 3anponoHyBaB CTAHLAPT Opradizauii Manux JokanbHUX Mepexx Ethernet,
AKWH IHUPOKO BUKOPHUCTOBYETHCA NMpPH MPOEKTYBaHHI MOMIGHUX CHCTEM i HOCi.
OnHak, He3BaXatOun Ha OUEBHIHI IOCTOTHCTBA MTEPCOHANBHUX KOMII'IOTEpIB Bix
Xerox, BoHH Gy/In He3a6apoM OCTAaTOMHO BUTICHEHI 3 PUHKY BUPOGaMHU KOpIo-
pauii IBM. Benuki BUpoGHUUYI MOTYXKHOCTI L€l KOMNaHIT JO3BOJMIM 3HA3IUTH
LiHM HA MEpPCOHANbHI KOMMN'IOTEPU 10 MOXKIMBOIO MiHIMYMy, | KOHKYpYBaTH 3
IBM PC ctano npakTHYHO HEMO>KTHMBO.

KinskicTs noxanbnux Mepex 3pocTana B reoMeTpUHHii mporpecii, mo He-
3a0apoM npuBENO [0 HeOOGXinHOCTI PO3POBKH UiTKMX CTAHAAPTIB apXiTekTypu
posnozineHux obuucmosanbHux cucteM. Came B 80-X pokax ocTaToqHo cop-
MYBAJIMCsl OCHOBHI CTaHIApPTH PO3MOAIIEHUX OGYUCITIOBANBHUX CHCTEM, TaKHX
K Ethernet, Token Ring, ArcNet, FDDI Tta aeakux iHmux. 80-Ti poku MoxHa
Ha3BaTH ernoXOK PO3KBITY JIOKANBHUX MepeX, OCKIIbKM AK BeNHKi, Tak i maii
MANPUEMCTBA WBK/IKO OLIHUIIM BUFOAM BiJi BAKOPUCTAHHS L€l MepCneKTHBHOT
TEXHOJOr1.

3 MIMHOM Yacy CTaHAapTH, IO JO3BOJISU 06 €IHYBATH KOMINIOTEPH B JIO-
KanbHi Mepexi, MoCTyNoBo ONTHMI30BYBaIKCh, 301IbIIyBaNacs NPOMYCKHA 31a-
THICTb KaHaNiB 3B’43Ky, €BOMIOLIOHYBANO NporpamHe 3abesNeyeHHs, 3pocTana
WBMAKICTL Nepeaayi fanux. Heszabapom nokanbHi Mepexi cTanu BUKOPHCTOBY-
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BATMCA He TiMbKM JUIA TIEPECHNaHHs MDK JCKiTbKOMa KOMIT'IOTEpamMu TEKCTY i
pi3HUX [AOKYMEHTIB, ae TaKoxX i nepedayi My/JTbTHMENIHHOT inpopmauii, Ta-
KOi 5K 3BYK i 306paxents. e Bigkpuio MOKTMBICTh OpraHizauil BcepeauHi 10-
KaNbHOT Mepeski CUCTeM BifleokoHdepeHL3B 3Ky, WO J03BONANM KOPUCTYEataM
TAaKol CHCTEMH CIIIIKYBaTHCs B PEXUMI peabHOro 4acy, ¢izuuno nepedysaroun
B Pi3HMX NPUMIILEHHSX, BHKOHYBATH CrifibHE peaaryBaHHs TeKCTiB i Tabnmip,
BNAIITOBYBaTH «BipTyalbHi NpesenTauii». Bxke 3apas cucremu KOMI'FOTEPHOT0
BiZ€03B’A3KY WIHPOKO BHKOPHUCTOBYIOTHCA BENMKMMU KOMEpLiHHUMK TiAIpH-
eMCTBaMHU, fie CTy>KaTh [/ OpraHisauii 38’a3Ky MK pisHMMM Bipdinamu, y Bid-
CHKOBHX KOMILIEKCAX ZUlsl IBM/KOI Mepenadi iHpopmauii MK JeKkinbkoma abo-
HEeHTaMH i LiMMHU TAPO3/IiIaMH, a OCTaHHIM 4acoM — i B JOMAaIHiX cUcTeMax
K 3aCOOM opraHizawti J03Bin.

Jlo mepesar KOMIT'IOTEPHMX CHCTEM MOXKHA BiJJHECTH BiJHOCHO HH3bKY Bap-
TicTb eKcrUTyaTalil DOPIBHAHO 3 iHIMMM ICHYIOUMMH HA CBOTOJHILIHINA AeHb
cycTeMaMu KOMYHiKalli#, X 6aratodyHKUIOHANIBHICT, NOpiBHAHHY JIETKiCTh Y
BUKOpUCTaHHI. Po3i6paTncs B OCHOBHHX NHUTaHHAX, OB’ S13aHMX 13 QYHKLIOHY-
BAHHAM CydacHMX KOMII'KOTEPHHX Mepex, i Aonomarae JAHWI HaBUABHUH I10-
cibHuk. B HOMY HaBeleHO Kiachdikalito, OCHOBHI BUMOTH IO KOMIT' FOTEPHHUX
Mepex, a TaKOX iX PONtb y KHTTI cycninpetBa. Po3rissHyTO OCHOBU Gynosu, Oa-
raTopiBHeBHil MiAXiA A0 KOMITIOTEPHUX MEPEXK, HABEACHO CTAaHAApTHI CTEKH
KOMYHIKaLiIHHX MPOTOKOJIB Ta PO3CNAHYTO ¢yukuii ix pipnis. Kpim Toro,
MpUALIEHO YBary NWTAHHAM arapaTHOro zabe3neyeHHs KOMI IOTEPHUX MEPEX,
a Takox ajapecauil Ta OpPOTOKONAM mepesadi  AaHMX |y [N0OANBHHMX
KOMIT IOTEPHUX Mepexax.

Jlnsi KpaIoro 3aCBOEHHSA MaTepiay Ta CaMOKOHTPOIIO 10 KOXKHOTO po3aimy
TOCIGHHKA HABEIEHO KOHTPOJIbHI IMTaHHA.




1 HOHATTSA KOMII'FOTEPHOI MEPEXKI
1.1 OcHoBHi 03Ha4YeHHS | TepMiHn

Komn’romepnoto mepescero Ha3sMBaeTbCA CYKYNHICTb By3niB (IepCoHalb-
HHX KOMIT'IOTepiB, pobOYMX CTaHLiH, OKpeMHUX NPHUCTPOIB), AKi B3aEMOAIIOTH
MDK cO60I0 32 IOMOMOTOKO aNapaTHUX 3acoGiB Ta CrelialbHOrO MPOrpaMHOro
3abe3neyeHHs.

MikHapoaHa oprauizallis 3i cTaHRapTH3aUIl BU3HAUUNA KOMH tomepiy Me-
pexcy AK TocNiloBHe GiT-opicHTOBaHe mepeiaBaHHs iHGopMauii  Mix
TIOB’ A3aHUMH OJIH 3 OJTHUM He3alleXXHUMH pucTposmy [1].

Komn’toTepHa Mepesxa cknagaetbes 3 iHpopMauwifHMX cucTeM Ta KaHaiiB
3B’A3KY.

Hin ingpopmauiitnore cucmemoro posymitoTs 06°€KT, 31aTHUI 3AiliCHIOBATH
30epiranus, 06pobky uu nepesady indopmauii. o ckmany indopmaiitHoi cuc-
TEMM BXONATb: KOMITOTEPH, POrpamMH, KOPUCTYBadi Ta iHIUI CKIANOBi, Npu3-
HaueHl 1A npouecy o6pobku i nepenaui nanmux. Hanani indopmauiiina cucre-
Ma, MPU3HAYeHa AT BUPIlIEHHA 3aBJaHb KOPHCTYBaya, Ha3MBATHMETECA po6O-
ya ctaHuis (client).

Ilin kananom 36’A3Ky po3yMitoTh MUIAX 4y 3aci6, MO AKOMY MepenarOThCs
curHany. 3acié nepeaadi CUrHanis Ha3sMBalOTL AGOHEHTCHKUM, UM DI3HYHUM Ka-
HAaNoM.

Kananu 3p’s3Ky (data link) cTBOPIOIOTBCS MO JiHIAX 3B’A3KY 3a AOMOMOTOI0
MepexeBoro obnanHaHHa Ta Gi3MHUX 3ac06iB 38’13Ky. DisHuHi 3ac06U 3B’ 43Ky
no6ynoBaHi Ha OCHOBI KPy4eHHX Map, KOakCialbHUX KabeniB, ONTHUHHUX KaHa-
nie abo edipy. Mix B3aemoaitounmu iHbopManiinumu cuctemamu yepes qizu-
YHi KaHany KOMyHikalifiHOT Mepeski Ta By3/¥ KOMYTaLil BCTAHOBIIOIOTECA JIO-
Fi4HI KaHam.

Hoziunuii kanan — ue WX A Nepefaui JaHUX Bix OAHIiET cucTeMH [0
iHwWwoi. JIoriunui kaHan NpoKJIajacTbes 3a MapIPYTOM B OAHOMY ab0 AeKiNb-
KOX (isnuHuX Kananax. JIoriuHuii KaHan MOXKHA OXapaKTepH3YBATU AK Mapli-
PYT, IpoKnaaeHui 4epes GisHyHi KaHaH i By3/H KOMYTaLi.

Indopmauis B Mepexi nepenaetbes GokamMu JaHUX 3a NpoueypamMu 06Mi-
Hy Mix 06 extamu. Lli npoueaypn HasMBAKOTL NPOTOKONAMH Mepeaadi TaHHX.

IIpomokon — ue cykynHicTb npaBuil, WO BCTaHOBIIOIOTE GopMaT i mpolie-
nypu o6MiHy iHdopmaLiero Mix ABOMa abo KinbKOMa MPUCTPOAMH. 3aBaHTa-
KEHHS MEpexXi XapaKTepu3yeThCs NapaMeTpoM, INO HasHBAacThCA - TpadikoM.
Tpagix (traffic) — ue norik nosizomneHs B Mepexi nepenadi ganux. ITix HuM
PO3YMIIOTb KifbKiCHUH BUMIp y BUOpaHHMX TOMKAX Mepexi NpoiaeHHX GNOKiB
AaHUX i X DOBKHHH, BUp@XEHHI B 6iTax 3a CeKyHAy.

Ckimaji OCHOBHMX €NEMEHTIB y Mepexi 3alexuTs Bin il apXiTekTypu. Apxi-
meKmypa — 1ie KOHUEML(is, O BU3HAYA€ B3a€MO3B’A30K, CTPYKTYpY i (yHKLT
B33€MOJii poboumx cTaHuil y Mepexi. Bona nepen6auae noriuny, dbyHkuioHa-
MbHY i Bi3MUHY OpraHizauiro TEXHIYHKX Ta MPOrpaMHUX 3acobiB Mepesxi. Apxi-
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TeKTypa BU3HA4a€e MpUHLUMNU NoOynoBy 1 PYHKUIOHYBaHHA anapaTHoro Ta npo-
rpaMHoro 3abe3neyueHHs elneMeHTIB Mepexi.

Komn’otepui Mepexi saBnsitoTh coOoK BapiaHT cniBnpaui mopei i
KOMIT' IOTepiB, 110 3abe3nedye NPUCKOPEHHs AOCTaBKK Ta oOpobneHHa iHop-
Mauil. O6’eaHyBaTH KOMI'IOTepH B Mepexi noyanu Gineiue 30 pokis Tomy. Ko-
JIH MOXJIMBOCTI KOMIT'FOTEPIB 3pOCIH | BOHM CTaNM AOCTYMHI KOXKHOMY, PO3BH-
TOK Mepe)X 3HAYHO NPUCKOPUBCA.

O6’enHani 10 Mepexi KoMl roTepy OOMIHIOIOTHCA iHpOpMaLiero | CHiBHO
BUKOPUCTOBYIOTh Tepudepiiine o6nagHaHHa Ta npucTpoi 30epiranHs iHpopma-
uii.

3a JIONOMOTOI0 MEPEX MOXKHA pO3ALNATH pecypeu Ta iHdopmauito. Hmkue
nepepaxoBaHi OCHOBHI 3aBIOaHHsA, ki BUPILIYIOTBCS 3a JOMOMOTrow pobouoi
CTaHLIl B Mepexi, 1 AKi BYKKO BUPILIMTH 3a IOMOMOrOI0 OKpEeMOro KoM’ foTepa:
KOMI'IOTEpHA Mepeska A03BOJSE CIiIbHO BUKOPUCTOBYBATH nepudepiiHi npu-
CTpoi — MpPUHTEpPH, TIOTEPH, AUCKOBI HAKOMIMYYyBaui, CTPUMEPH, ckaHepH, dakc-
MOJEMH TOLIO; KOMIT'IOTepHa Mepexa J03BOJIA€ CIIJIBHO BUKOPUCTOBYBATH iH-
dbopmauiiini pecypeu: karanoru, ¢aiiid, npuKIaadi nporpamu, irpu, 6asu aa-
HHX, TEKCTOBI MPOLIECOPH TOLIO.

CrninbHe BUKOPUCTaHHA pecypciB 3abeaneuye iCTOTHY €KOHOMIIO KOLUTIB i
yacy.

1.2 Knacudikaniss KoM’ 10TepHUX Mepex

Komim’toTepHi Mepeki MOXHA KjacMpikyBaTH 3a TaKMMM IpynaMd O3HaK
[2]:

— TEpUTOpiabHA MOLIMPEHICTD;

— BiZloM4a HaJIEXKHICTb,

— TUN Cepe0BULLA MepelaBaHHs;

— TOMOJOTIA;

— oprasizauis B3a€Mo/1i1 KOMIT' IOTepiB.

3a mepumopianvhorw nowupenicmio Mepexi MOXyTb OyTH NOKaIbHUMM,
rno6aneHUMU | perioHansHumu. Y knacudikauii Mepex iCHye ABa OCHOBHHX
tepMmiau: LAN i WAN.

Joxaneni LAN (Local Area Network) — pnaHa Ha3ea BiAnoBigae
06’ €IHAHHIO KOMIT'FOTEPIB, PO3TALIOBAHUX HA MOPIBHAHO HEBENHKIil TepuTOpil
(omHoro minmpuemcrea, odicy, oaHiel KiMHaTH). IcHYIOUI cTanaapTd Ans noka-
JILHOT OGYUCMIOBILHOT Mepexi 3abe3neuyloTh 3B’A30K MK KOMI'IOTepamu Ha
BifcTani Bix 2,5 kM [0 6 kM. BHacnigok KOpPOTKMX BiICTaHeH B JIOKaJbHHUX
KOMIT'FOTEPHUX MEpeKaX € MOMJIMBICTH BUKOPUCTAaHHS BiTHOCHO AOPOTHX BH-
COKOSIKICHUX JIiHIM 3B’513KY, AKi Z03BOJSAIOTH, 3aCTOCOBYIOUYH NPOCTI METOAM 1€~
penaBaHHs AaHUX, JOCATATH BUCOKHX LIBUAKOCTEH 0OMiHy AaHUMHU. Y 3B’A3KY 3
UMM TIOCNYIH, WO HAAARTLCA JIOKATBHUMH MEpeXaMH, Bilpi3HAOTLCA WHPO-
KOIO Pi3HOMaHITHICTIO i 3a3BMYail MepeaGayaroTh peanizaltito B pexuMi on-line.

Imobaneni WAN (Wide Area Network) — posraiuoBadi Ha TepuTopii aep-
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xaBy abo rpynu mepxas. I'moGanbHa KOMITIOTepHa Mepexka NOKPUBAE BENHKi
reorpagiyHi periony, Wo MiCTATh Ak NOKaNbHI, TaK i iHUIi TenekoMyHikawiiHi
mepexi Ta npuctpoi. [puknang WAN — Mepexa 3 komyTauicto nakerie (Frame
relay), uepes sKy MOXKYTh «PO3MOBIATHY Mik COGOKO pizHi KOMIT'IOTEpHI Mepe-
XK.

Pezionaneni (micbki) MAN (Metropolitan Area Network) — posTauioBani Ha
TepuTopii MicTa abo o61acTi Ta Npu3HAYeHi And ix 06CTyroByBaHHS.

Tepmin «kopnopaTBHa Mepexa» TaKOXk BUKOPUCTOBYETBCA B NITepaTypi
ANS TIO3HAYEHHA 06’ €AHAHHS KiTBKOX MEpeX, KOXKHA 3 AKHX Moxe 6yTH moGy-
A0BaHa Ha PI3HUX TEXHIYHHX, NPOTPAMHKX Ta iHGOPMALIHHUX MPUHUHMIIAX.

3a nanexcuicmio pospisnAloTs BigoMui Ta nepikasHi Mepexi. Bigomui Ha-
nexarh OAHIA opraHizauii Ta po3TalOBYIOTECS Ha i TepuTOpi. HepxasHi me-
pexi BUKOPUCTOBYIOTHLCA Y IeP/KABHUX CTPYKTYpaXx.

3a munom cepedosunya nepedasanna Mepexi NogiNAOTE Ha:

~ NPOBOJIOBI: KOAKCIiaNbHi, KpyueHa rapa, ONTOBONOKOHHI;

— 6e3npoBOAOBI: paniokaHaIM HA3EMHOTO Ta CYNYTHUKOBOIO 38’ S3KiB.

3a mononozieio xoMn’OTEPHI Mepexi NOAINAIOTE Ha OBHO3B’ A3Hi Ta HEro-
BHO3BA3Hi. OCTaHHi, B CBOIO Wepry, MOXKyTb OyTH KOMipKOBi, THIy «3aranbHa
IWYHaY, «3ipKa», «KiTbUe», a TakoX 3MimaHi. OCKiAbKM TOMOIOLT Mepexi €
OKPEMOI0, IOCHTb BXJIHBOKD TEMOIO, HETANbHIlle Le MUTaHHS PO3MIANAETHCS
HIDKYE.

3a opzanisayiero oGpoGkn naHuX i B3aeMOAii KOpHUCTYBauiB, 10 HiaTpUMy-
€THCA KOHKPETHOK MEPEeXEBOIO ONepaliiiHO CUCTEMOIO, BURIMAIOTE Taki TUITH
Mepex:

— lepapxiuHi Mepexi;
— Mepexi KlieHT—cepBep;
— koMmOiHOBaHi Mepexi.

B iepapxiunux mepexcax yci 3agadi, nos’szani 3i 30epekeHHAM, 06pobKkoI0
AAHUX, TX MNOJAHHAM KOPUCTYBA4aM, BUKOHYE LEHTPANbHHIA koM’ totep. Kopu-
CTyBa4 B3a€MOJi€ 3 UEHTPATbHUM KOMITIOTEPOM 3a JOMNOMOTOK TepMiHala.
Onepauismu BBeeHH/BUBEAeHHA iHbOpMaLii Ha €KpaH Kepye LEHTpaNbHUI
KOMIT HOTep.

Y cuctemax knicnm—cepsep OoGpOGIEHHS HAaHMX pPO3iNeHe M ABOMA
00’€eKTaMu: KIIEHTOM 1 cepBepoM. Knient—koMIT'rotepn, mwo 3aificHIO0Ts g0C-
TYN 10 MEPEXEBHX PECYPCiB, MOXYTb cHOPMYBATH 3aNUT AN CepBepa: 34UTATH
taiin, spificnTi nouryx 3anucy Towo. Cepeep — Le NpUCTpil abo komn’toTep,
o BMKOHYE 06pobky 3anuTy, iHpopMauiiiHo-06uUCTIOBANbHI pecypcu aKoro
(npouecopy, daiinoa cucrema, nowrosa cyx6a, ciyx6a apyky, 6aza gaHux)
AOCTYNHI MepexeBMM KopuctyBauaMm. BiH Bimmosimae 3a 30epexeHHs JaHuX,
OpraHi3sauito J0CTyNy 0 UMX AaHMX i nepeady JaHUX KIHEHTY.

3a opranizauiero B3aeMOAii NPUAHATO BUALNATH [BA TUIM CHCTEM, UIO BH-
KOPHCTOBYIOTb METOA KIlIEHT~CEPBEP:

— piBHOMpaBHa (0IHOPAHIOBA) Mepexa;

— Mepexa 3 BUAINEHHM CEPBEPOM.



Oonopanzosa apximexmypa (peer-to-peer architecture) — Le KOHUeMNLIs iH-
dopmauiitHoi Mepexi, B sKiif ii pecypen posocepemkeHi no Beix cuctemax. [a-
Ha apXiTeKTypa XapaKTepU3y€eThCsl THM, LIO B Hiil BCi CHCTEMH piBHOMpaBHi.

Jo onHopanroeux Mepex (puc. 1.1) BigHOCATbCA Mani Mepexi, ae Oynb-ika
poGoya craHLis MOXe BUKOHYBaTH OAHOuYacHO ¢yHkuUil ¢aiinosoro cepsepa i
poGoyoi craHuii. B ORHOPAaHrOBUX JIOKANBbHMX OOCUMCIOBANLHUX Mepexax
(JIOM) auckoBuii npocTip Ta ¢aiinu Ha 6yap-SKOMy KOMIT'IOTepi MOXyTb OyTH
cninbauMu. 1106 pecypc cTaB 3arajibHuM, HOro HeoOXilHO BiAAaTH B CHijibHE
KOPUCTYBaHHs, BUKOPUCTOBYIOUM CIY)XOU BianeHoro AOCTYIY MEpexeBUX
OJIHOPaHIrOBUX OMEpalifiHUX CUCTeM. 3anexHOo Bil Toro, Ak 6yae BCTAHOBIEHO
3aXMCT JAHMX, iHIII KOPHCTYBa4i 3MOXKYTh KOPUCTYBaTHCA (aiinamy Bifpasy x
micisa ix cteopeHHst. OnHopanrosi JIOM nocuth eeKTUBHI TibKH [/ HEBEJH-
KHX poOOUHUX IpyI.

Indopmaniiina
cucTemMa B

Indopmaniiina
cucTremMa A

Indopmauiiina
cucrema C

Komynikauiiina mepexa

[ndopmaniiina Indopmauniiina
cucrema D cucrema E

Pucynok 1.1 — OmHopaHroBa apxiTeKkTypa

Opuopanrosi JIOM e HalOinbill Nerkum i JelIEBUM TUMOM Mepex IUif
ycTaHOBIeHHs. Bouy Ha KOMII'10Tepi MOTpe6yIoTh, KpiM MepekeBoi KapTy 1 me-
PEeXEBOr0 HOCIA, NWule HAABHICTH omepauifiHoi cucremu Windows aGo
Windows for Workgroups. Ilpu noeiHasHi KoM IOTEpiB KOPUCTYBaUl MOXYTb
HaJaBaTH pecypcu Ta iHpopmauito A1 CRiIbHOTO KOPUCTYBaHHS.

OaHOpaHroBi Mepexi MaloTh Takl [epesar:

- JIerki B yCTaHOBJEHHI Ta HACTPOIOBaHHI;

- OKpeMi KOMIT IOTepH He 3alle)XaTh BiJl BUMIIEHOIO cepBepa,;

- KOpUCTYBadi B 3M031 KOHTPOJIIOBaTH CBOI peCypCH;

- MaJla BapTicTb I Jlerka eKcilyaTalis;

- MiHiMyM 00faiHaHHsA Ta IPOrpaMHoro 3abesneveHHs;

- HeMae HeoOXiIHOCTI B axMiHicTpaTopi;

- nobpe MiAXoAATh AL MEPEX 3 KiIbKICTIO KOPUCTYBaYiB, 110 He NepeBu-
Y€ OEeCATH.

[Ipo61eMoto 0JIHOPAHTOBOT APXITEKTYPH € CUTYaLlis, KOJM KOMI IOTEpH Bi-
AKITIOYAIOTHCA Bi Mepeski. Y LMX BUMAAKaX 3 MepexXi 3HUKAIOTb BUIW CEpBIcCY,
AKi BOHM HafaBanu. MepexeBy Ge3aneky OJHOYACHO MOXHA 3aCTOCYBATH Juile
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A0 OfIHOTO pecypcy, | KOPUCTYBa4 MOBHHEH [TaM’ATaTH CTUILKA NMapoiB, CKillb-
KN MepeseBHX pecypcis. Ilpy oTpuMaHHi BOCTYmy A0 pecypey BimdyBaeThCs
3MEHLICHHA OPOJYKTUBHOCTI KOMI'10Tepa. ICTOTHUM HEOMIKOM OXHOPAHIOBUX
MEpEX € BiACYTHICTb LIEHTPAII30BaHOTO aMiHICTPYBaHHA.

Apximexmypa knicnm—cepeep (client-server architecture) — ue koHuenwis
indopManiitHOl Mepesxi, B AKill OCHOBHA YacTWHa ii pecypciB 30cepemikena B
cepBepax, wo o6cayroBytoTh cBoixX knienti (puc. 1.2). Posrnanyra apxitekTy-
pa BU3HA4aE Ba THNK KOMIIOHEHTIB: CEPBEPU | KIIEHTH.

Cepesep — ue 06’€KT, 1O Halae CEPBIC iHIUMM 06 €KTAM Mepexi 3a IXHIMH
3anuramu. CepBic — Le rpouec 06CTyroByBaHHA KIi€HTIB.

Po6oua cranuis Po6oua cranuis
(Kunienr) (Kmienr)

Pucynok 1.2 —~ ApxiTekTypa KiieHT—cepep

CepBep npaitoe 3a 3aBAaHHAMM KIEHTIB | kepye BUKOHAHHAM IXHIX 3a-
BfiaHb. Ilicns BUKOHAHHA KOXKHOTO 3aBJIaHHs CepBep MOCHIAE OTPUMAHI pe3yib-
TaTH KIIEHTY, AKUH NOCNAB Le 3aB1aHHs.

CepsicHa (yHKLiA B apXiTeKTypi KIEHT-CepBEp OMUCYETHCS KOMILTEKCOM
TNPUKIAHKUX NPOrpaM, BIAMOBIAHO 10 AKOTO BUKOHYIOTECS Pi3HOMAHITHI NpHK-
najiHi mpouecH.

Ipouec, akni BUKkIMKaE cepBicHy (yHKUIIO 3 JOMOMOrOK MeBHHX OMepa-
Liii, Ha3uBa€eTbCA KiieHTOM. Hum Moske GyTH nporpama a0 KOpHCTyBaud.

Knienmu — ue poGoui cTanuil, ki BUKOPHCTOBYIOTH pecypcu cepBepa i Ha-
AaKoTh 3py4Hi iHTepdeiicn kopuctyBaua. Inmepeiicu Kopucmysaua — 1e npo-
LeAypH B3a€MOAii KOPUCTYBAYA 3 CUCTEMOIO a60 MEpEXKelo.

KitieHT € iHitiaTopom i BUKOPHCTOBYE €NeKTPOHHY NOWTY a60 I cepBicu
cepeepa. Y UbOMY MPOLEC KTiEHT 3aNUTye BUA 0GCAYTrOBYBaHHS, BCTAHOBIIOE
CeaHc, OTpUMye MoTpiGHi fioMy pesynbTaTH i MOBiIOMIAE MPO 3aKiHYEHHS po-
6oru.

Y Mepexax 3 BuaineHuM (ainoBuM cepBepoM Ha BUJIINEHOMY aBTOHOMHO-
My KOMIT'IOTepi BCTAHOBIIOETECA CEPBEPHA MepexeBa orepalliliHa cucTeMa.
Llett komm’otep crae cepsepom. [IporpaMHe 3abesnedenns, BCTAHOBJEHE Ha
po6ouiit cTaHuii, 103BONsE iil OGMIHIOBATHCA HaHKUMU 3 cepeepoM. Haitbinbmm
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NOIIMpEHI MepexxeBi omepauifini cucremu: NetWare ¢ipmu Novel; Windows
NT ¢ipmu Microsoft; UNIX ¢dipmu AT- &T; Linux. Kpim Mepexesoi onepa-
uifiHoi cucTeMM HeoOXimHi MepexkeBi MPUKIAAHI NMPOrpam, MO peanizoByloTh
nepeBart, HafaHi Mepexero.

Mepesxi Ha 6a3i cepBepiB MaroTh Kpallli XapakTepUCTUKH i MiABUUIEHY Ha-
RikHicTs. CepBep Mae roJIOBHI pecypcH Mepexi, 10 SKHMX 3BePTAKThCS iHLIi po-
6oui craHLii.

Y cyuacHill KiieHT-CepBepHiii apXiTeKTypi BH/INAETBCS YOTHPHU TpPYNH
06’eKTiB: KITIEHTH, CepBepH, DaHi Ta MepexxeBi cinyx6u. KnienTH posramony-
I0TBCA B CHCTEMAX Ha poOOYMX MicLiX KOpUCTyBadiB. [{aHi, B OCHOBHOMY, 36e-
piraioTecsa B cepeepax. Mepexesi Ciy»OH CIIiNbHO BUKOPUCTOBYIOTBCA CepBe-
pamu i nauuMu. Kpim toro, ciyx6u kepyroTh npoueypamMmu 06pobku AaHHX.

Mepexi KnieHT-cepBepHOT apXiTeKTypH MaloTh Taki nepesary [3]:

~ J03BOJIAIOTh OPraHi30BYBAaTH MepPeXi 3 BENUKOK KiNBKICTIO poboumx cTa-
HILI;

- 3a0e3neuyloTh LEHTpali3oBaHe KepyBaHHs OOMIKOBHMM 3aUcaMH KOpHC-
TyBadiB, 6€31eKo10 Ta OCTYNOM, LU0 CIPOLIYE MEPEXKEBE a/AMIHICTPYBaHH,

- eQEeKTUBHUI JOCTYII 10 MepEKEBUX PECYPCIB;

- KOpHCTyBa4eBi MOTPiOEH OIMH Maposib Ul BXOLY B MePeXy i i OTpH-
MaHHs IOCTYITy [0 BCiX PecypciB, Ha AKi MOLWIKMPIOIOTHCA MpaBa KOpUCTyBaya.

IMopsn 3 mepeparamu Mepexi Ki€HT-CEpBEpHOT apXiTEeKTypH MaioTh i psia
He0JIKIB:

- HECNpaBHICTb cepBepa MOXe 3pOOUTH Mepexy HepoGOTO3IaTHO;

- noTpedyroTh KBaniikoBaHOTO MepcoHay Al aAMIHICTPYBaHHS;

- MaroThb GibII BUCOKY BapTICTh Mepex i Mepe)XeBOoro 06agHaHHs.

Bubip apXiTeKTypy Mepexi 3aleXuTh Bill NpU3HAYEHHS Mepexi, KiMbKOCTi
poOoYHX CTaHWii 1 BiJ BUKOHYBAHUX Ha HIl Aiii.

BapTto BUOpaTH 0JHOPAHTOBY Mepexy, AKIUIO:

- KiNBKICTh KOPUCTYBAYiB He MEPEBHILYE AECATH;

- BCl MalLMHH 3HAXOJATHCA GAM3BKO OJIHA Bil OHOT;

- MaroTh MicLle HeBeNHKI (piHAHCOBI MOXKIIMBOCTI;

- Hemae HeoOXIAHOCTI B crielliani3oBaHOMY CepBepi, TAKOMY sk cepeep Ga3u
IlaHuX, (akc-ceppep abo AKMii-HeOY b THILHIA;

- HEMae MOXIMBOCTI abo HeoOXiAHOCTI B LEHTpani3oBaHOMY aaMiHICTpy-
BaHHI.

Bapto BubpaTu KieHT-cepBepHy Mepexy, AKLLO:

- KIUIbKICTb KOPUCTYBaYiB NepeBULLYE AECHATh;

- HeoOXiAHe LeHTpaii3oBaHe KepyBaHHs, Oesreka, KepyBaHHs pecypcaMu
abo pesepBHE KOMIIOBAHHS;

- HeoOXiOHWi creuianizoBaHuii cepsep,

- HeoOXigHuii KocTyn 10 raobanbHOI Mepexi;
- HeoOXIOHO PO3MIAATH pecypcu Ha PiBHI KOPUCTYBaUiB.




1.3 Bumoru 10 koMn’10TepHUX Mepex

['onoBHOIO BUMOTOI0, 1O BUCYBAETHCA O KOMI KOTEPHOI MEpPEXi, € BUKO-
HaHHA Mepexeto I OCHOBHOT QyHKUIT — 3a6e3neyeHHs KOPUCTYBAYaM MOKJIHBO-
CTi IOCTYIy 10 pecypciB yCiX po3dintoBaHHX KOMIT'IOTEpIB, 110 BXOAATH A0 ii
CKJTagy.

Ilpu opranisauii Ta excrtyarauii Mepexi BaXTMBUMH BUMOTAaMH € [2, 4]

~— NPOAYKTHUBHICTD;

— HafuilHIicTh i Gesneka;

— PO3WIMPIOBAHICTD | MAcIITaboBaHICTh,

— TIPO30PICTS;

NiATPUMKA Pi3HKX BUAIB Tpadiky;

— KEpOBAHICTb;

— CYMICHICTb.

Hpooyxmuenicmp — ue XapakTepHCTUKA Mepeski, O TO3BOJAE OLIHUTH,
HacKinbkn weuako iHdopmauis nepenasanbHoi poSouoi cTaHuii nOcArHE a0
npuiMaibHoi pobouoi cTaHuil.

Ha npoayxTuBHICTL Mepexi BIUIMBAIOTH TaKi XapaKTepUCTUKH MEpPEKi:
xoHdirypauis;

WBHAKICTb NIEPEeAaBaHHs JaHUX,
METOA AOCTYMy A0 KaHay;
TOMOJIOTiA Mepexi,

TEXHOJIOT 1.

JKWoO npoayKTUBHICTL MEpexXi MepecTac BiNINOBINAaTH BHCYHYTUM HO Hei
BUMOTaM, TO aAMIHICTPATOp Mepexi Moxke BAATHCH A0 Pi3HUX NpHHAOMIB:

~ 3MIHNTH KOHQIrypauiro Mepexxi TaKUM 4YMHOM, W06 CTPYKTypa Mepexi
6inbu BiANoBigama cTpyKTypi iHopManifiHuX NOTOKiIB;

— TEepeATH [0 iHWIOT MoJeNi MOGYIOBH PO3MOAINEHHX NOAATKIB, AKa HO3BO~
auna 6 3MeHWHTH MepexeBuit Tpadik;

~ 3aMiHUTH MOCTH GiNbII IUBUAKICHUMH KOMYTATOPAMH.

Ane HaiikpalluM pillleHHAM Yy Takilf cuTyauii € nepexia ua Ginplu IMBUAKIC-
HY TEXHOJIOTIIO. SIKIIO B Mepexi BUKOPHCTOBYKOTHCA TpanuuiiiHi TexHoumoril
Ethernet a6o Token Ring, To mepexin na Fast Ethernet, FDDI uu 100VG-
AnyLAN no3sonuts Bigpasy B 10 pasis 36GinsIunTH MPONYCKHY 34aTHICTb KaHa-
niB.

3i 36inpleHHAM MaciuTaby Mepesx BUHUKNIA HEOOXiAHICTb Yy MifBULIEHH] iX
MPOAYKTUBHOCTI. ONHUM 13 CMOCOGIB MOCATHEHHS LIBOTO CTaa iX MiKpocerMeH-
Tauis. BoHa 103BONs€ 3MEHIIUTU YUCIIO KOPUCTYBAUiB HA OJMH CErMEHT i 3HU-
3UTH 0OCAT MUPOKOMOBHOrO Tpadiky, a OTxKe, MIABULIXTH NPOIYKTUBHICT Me-
pexi.

CriowaTky Ans MiKpocermMeHTauii BUKOPUCTOBYBAMCS MaplUpyTH3ATOPH,
AKi He qye MpUcTocoBaHi [id Liel MeTu. PiwleHHs Ha iX OCHOBI 6ynM HOCUTH
NOPOrMMH i BIAPI3HANMCA BENMKOIO YACOBOKO 3aTPHUMKOIO i HEBUCOKOIO Mpomyc-
KHOI 3JaTHICTIO. BiNblt NpUAATHUMU MPUCTPOAMH T MiKpOCEerMeHTallii Me-
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pex cTai KOMyTAaTOpU. 3aBAAKHM BIAHOCHO HM3bKiii BAPTOCTI, BUCOKIH Mpoayk-
THBHOCTI Ta HPOCTOTI Y BUKOPUCTAHHI BOHH LUBUAKO 3aBOIOBATH HOMYJISIPHICTS.

Takum 4unom, Mepexi cranu 6yaysatu Ha Gasi KOMYTaTOpiB i MapupyTu-
3atopis. Ilepiri 3a6e3nedyioTh BHCOKOILUBHAKICHE nepecuiianig Tpadiky mix
CerMEHTaMH, 1O BXOAATH B OJHY NiAMEPEXY, a iHIWI NepeaaoTh AaHi Mk mif-
MepexaMu, 0OMeKYIOTb MOUMPEHHS LUMPOKOMOBHOrO Tpadiky, BUPILLYIOTh 3a-
BIaHHA Oe3nexu i T. 1.

Bipryanbsi nokanbHi o6uncmoBanbHi Mepexi (VLAN) 3a6e3neuyioTs Mo-
JKIUBICTH CTBOPEHHA JIOTIYHHX [PYN KOPUCTYBA4iB B MacluTabi KOpINOpaTUBHOT
Mepexi. BipTyanbhi Mepexi 10380as10TH opraHizysaT poboTy B Mepexi 6inbLu
e(heKTUBHO.

Haoiiinicmy i 6e3nexa. HaitBaxusiioro XapPaKTEPUCTHKOI OOYMCTIOBa-
JBHUX Mepex € HafiiHicTs. [linBuleHHa HamiiiHOCTI oCHOBaHe Ha NPUHLMITI
3an00iraHHs HECTIPABHOCTE LUIAXOM 3HIKEHHS IHTEHCUBHOCTI BiAMOB | 360iB
3@ paxyHOK 3aCTOCYBAHHs €JIEKTPOHHUX CXEM Ta KOMIOHEHTIB 3 BUCOKMM 1 Hajl-
BUCOKMM CTYICHeM IHTerpaLlii, 3HHXKEHHs DiBHA MepellKo, MOoNerueHnx pe-
KUMIB pobOTH cXeM, 3a6e3neueHHs TEMIOBUX pexXUMIB X poOOTH, a TaKoX 3a
PaxXyHOK BIOCKOHANEeHHs METOAIB CKJIaJaHHs anapaTypH.

Biomosocmiiikicmes — ue Taka BNACTHUBICTb 0OYUCITIOBAIBHOT CHCTEMU, IO
3abesnedye 1l AK JIOTIYHIH MalMHI MOXIMBICTB NpOJOBXKEHHA Oil, 3amaHuX
TIpOTpPaMoI0, MIC/s BUHUKHEHHS HecrpaBHOCTeH. BBeleHHS BiAMOBOCTIHKOCT
noTpebye HAANMILKOBOTO anapaTHOro Ta MPOrPAMHOTO 3a6e3MeueHHs. Harps-
MU, MOB’s3aHi 3 3an0OiraHHAM HECINpaBHOCTEeH i BIAMOBOCTIIKOCTI, OCHOBHI B
npoGiemi HanifiHocTi. Ha napanenbHux o6UHCIIOBAILHUX CHCTEMAX JOCATAETh-
CA AK HaWBHIIA NPOLYKTHBHICTE, TaK i, y 6araTtbox BHMajKaX, AyKe BHCOKA Ha-
AiiiHicTs. HasBHi pecypen HaaMipHOCTI B napanenbHUX ccTeMax MOXYTb THy-
KO BUKOPUCTOBYBATUChH SAK JJIA MiABMUIIEHHA NPOAYKTMBHOCTI, TaK i Aas nia-
BUILEHHA HaAiHOCTI.

BapTo nam’araTi, 0 NOHATTA HaAifHOCTI OXOMTIOE He TilbKH anaparsi 3a-
cobu, ane i nporpamHe 3aGesnedents. [ONOBHOK METO MifBHILEHHS HAMIHHO-
CTi CUCTEM € LiNicHICTb 30epexennX y HUX JaHHMX.

besneka — o1Ha 3 OCHOBHHX 3aJay, WO BUPILIYIOTECA GyAb-KOI HOpMaJlb-
HOIO KOMIT'IOTEpHOIO Mepesketo. ITpoGneMy Gesnekd MoxkHa po3risiatu 3 pi3-
HHMX CTODIH — 3MOBMHCHE NCYBaHHs JaHMX, KOH(iZeHUiHHICTS indopmauii, He-
CaHKUIOHOBaHMH AOCTYI, po3KpagaHHs Towo (puc. 1.3).

3ale3sneunTu 3axuCT iHGOpMaLi B yMOBaX OKaIbHOT Mepexi 3aBXaM Jier-
Lue, HiXK 32 HAjABHOCTI Ha BipMi AecATKa KOMI'IOTeEPIB, Lo Npauo0Th aBBTOHOM-
HO. [IpakTiyHO y BalIOMY PO3MOPSILKEHHI OMUH iHCTPYMEHT — pe3epBHe Kofli-
toBaHHs (backup). Lleit mpouec Ha3MBAaETLCA pe3epByBaHHAM. CyTs jioro nons-
rae y CTBOpeHHi B 6e3neuHoMy MicLi MOBHOT KOMii AaHMX, KA OHOBJIOETHCS pe-
TYJSApHO i IKOMOra YacTiiue.

Haitnerwe 3abe3neuntn 3axuct maHux Bif pisHOMaHITHHMX HEMpHEMHOCTE#
Yy BHNaJKy Mepexi 3 BuaineHum Qaiinosum cepsepom. Ha cepBepi 30cepemkeHi
BCI HafiBaxmsiwi aitnn, a yOesneuntn oany MauidHy HabaraTo mpocTille,
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HX [ecATh. KOHUEHTPOBAHICTh JaHNX MOJIETIlye i pe3epByBaHHS, OCKIIbKU He
fOTPiOHO iX 36MpaTH no Beill Mepexi.

ApxiTekTypa 6esneku
RaHNX

4

Besneka gaHux

Y

Pe_aepBHe I KoHabigeHLiHicTs I Peec*rpaqm l
KOmitoBaHHs! i aboHeHTIB

!
L Kpuntorpadis | Iien—macpikauirl

Pucynok 1.3 — 3agaui 3abe3nevyenns 6e3nekn naHux

EkpanoBaHi fiHii 103BoNAIOTL migBMIMMTH Gesneky i HamiliHicTs Mepexi.
ExpanoBati ciictemu Habarato Ginblu cTiliki 10 30BHILUHIX Paio4acTOTHMX MO-
niB.

ITposopicmb — ue Takuit cTan Mepexi, KoM KOPUCTYBaY, NPalIOOYH B Me-
pexi, He 6a4uTh ii.

KomyHixauifiha mepexa € mposoporo woge iHdopMmauii, ska NpoOXOaUTH
Kpi3b Hei, AKUIO BUXiTHUI NMOTIK GiTiB TOYHO MOBTOPIOE BXiAHUIA TIOTiK. Alle Me-
pexa Mose 6yTH Hempo30pOIO y Yaci, KO Yepe3 3MiHHI po3MipH uepr 6510kiB
JAHKUX 3MIHIOETHCA | 4ac NPOXOKEHHs Pi3HUX GOKIB uepes By3mu KOMyTaLil.
[TposopicTb Mepesxi 3a WBHAKICTIO NepeiaBaHHA JaHUX BKA3YE, 1O JaHi MOYKHA
nepeaBaTH 3 6yab-1KOI HEOOXIAHOI IIBUAKICTIO.

AKio B Mepexi 3a OHUM | THM e MapIIPYTOM NepefaloThCs iHpopmaLiii-
Hi Ta KepiBHi (CHHXPOHI3yBallbHI) CHIHANHM, TO TOBOPATS, 11O Mepeska nposopa
BITHOCHO THITIB CHTHamNIB.

SAxio nepenana indopMalis Moxe KomyBaTHcs Gyab-sKHM CIocoGoM, To
Lle 03Ha4ae, Mo Meperka Npo3opa It 6y Nb-IKHMX METOIB KOAYBaHB.

Ilpo3opa mepesxa € MPOCTUM pillleHHAM, B AKOMY A/Ts B3aEMOZIT JOKATBHHIX
MEpeX, pO3TaLIOBAHNX Ha 3HAYHIN BiICTaHi ONHA BiJ OIHOT, BAKOPHCTOBYETHCS
npuHLmn Plug-and-play (migknrounce i npatofr).

ITTposope 3’conanns. Cryx6a npo3opux NOKaTbHUX Mepex 3abe3rneyye Ha-
ckpisHe (end-to-end) 3’emHaHHA, WO 3B’A3ye MiK COBOK0 BimmaneHi NOKaNbHI
mepexi. IpnusaGnuicTs uboro pilleHHs monmsrac B ToMy, WO U ciyx6a
00’€elHy€ BiAnaneHi OJKMH BiXl O/IHOTO HAa 3HAYHY BiACTAaHb BY3JIM AK YaCTHHU
JokanbHOT Mepexi. ToMy He NMOTPIGHO BKNIAAaTH KOIUTH Y BUBYEHHS HOBHX Te-
XHOJOTI | CTBOPEHHs TEPUTOPIATLHO PO3MOMINEHUX mepex (Wide-Area
Network — WAN). Kopuctysauam notpiGHo muie OiATPUMYBATH JIOKaibHE
3’€lHaHH3, a NpoBakep CIykOu NPO30pUX Mepex 3abe3neuuTh fe3nepeuko-
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Hy B3aEMOJII0 BY3JliB 4epes Mepexy Macwitaby Micta (Metropolitan-Area
Network — MAN) abo mepexxy WAN. Cnyx6u npozopoi noxansHoi mepesici
MatoTh Gararo nepesar. Hanpuxiaz, KopucTyBay MO>ke WIBHAKO i Ge3neyvHo me-
penaBaTH BejMKi 06CArM JaHWX Ha 3HauyHI BIACTaHi, He o0TKytoun cebe CKaj-
HOLIaMM, OB’ A3aHUMHU 3 poboToro B Mepexax WAN.

Hiompumka piznux euodie mpagixy. Tpadik B Mepexi ckllagacTbcs BUNas-
KOBO, MPOTe B HhOMY BiJoOpakeHi i fesAki 3akoHOMipHOCTI. SIK mpaBuiIo, AesAKi
KOpPUCTYBayi, 1O MpPAaLOI0Th Ha/l CHUTbHUM 3aBJaHHAM (Harnpukiag, cniBpobit-
HUKM OJIHOTO BiJZLNTYy), HaliuacTillle 3BepPTarOThCs 3 3anMTaMu abo OAuH 10 Of-
Horo, abo [0 3arajbHOro cepBepa, i TIIbKW iHOAI BOHM BIIYYBalOTh HEOOXiI-
HICTB IOCTYIy 0 pecypciB KOMIT'toTepiB iHIoro Bigniny. baxaHo, mob cTpyk-
Typa Mepexxi BiNoBiana CTpyKTypl iHpOpMaiiHUX MOTOKIB. 3a/IeXKHO Bif Me-
pexeBoro Tpadiky KOMIT IOTEpH B MEPEXi MOXHA PO3ALIMTU Ha rpynH (CerMeH-
™ Mepexi). Komm’rotepu 06’eqHy10Th y rpyiy, KOli Bel1UMKa YacTHHA FeHepo-
BaHUX HUMH MOBIJOMJIeHb aipecoBaHa KOMIT' I0TepaM L€l K FPynH.

Jlns noxiny Mepexxi Ha CerMeHTH BUKOPUCTOBYIOTBCSE MOCTH i KOMYTaTOPH.
BoHy ekpaHyloTh J0KaAbHUI Tpadik ycepeauHl CerMeHTa, He Iepelaroun 3a
foro Mexi HisKUX KaapiB, KpIM THX, AKi aZpecoBaHi KOMII'loTepaM, L0 3HaxXo-
JAThCSA B IHIIMX cerMeHTax. TakuM YMHOM, Mepeka NOAUIAETHCA Ha OKpeMi Mi-
amepexi. Le nozgodise 6inbiu pauioHansHo BUOHpPATH NPOMYCKHY 3JaTHICTb Ha-
ABHUX JIiHIH 3B’A3Ky, BpPaxXxOBYIOUM IHTEHCHUBHICTh Tpaiky BCepeiuHi KOMKHOT
IpyInH, a TAKOXK aKTUBHICTh OOMiHY JaHUMMW MiX rpynamH.

[pore nokanizauis Tpadiky 3acobamu MOCTIB i KOMYTaTOpiB Ma€ CyTTEBi
oOMesxeHHs. 3 iHIoro 60Ky, BUKOPUCTAHHA MEXaHI3MYy BIpTyallbHUX CErMEHTIB,
peanizoBaHOro B KOMyTAaTOpax JIOKalbHUX Mepex, MPU3BOAMTH 10 MOBHOT JioKa-
nizauii tpadiky, Taki cerMeHTH MOBHICTIO i30JbOBaHI OJMH BiJ OJHOrO, HaBiTb
1040 IUPOKOMOBHHUX KaapiB. ToMy B Mepexax, NoOy10BaHHX NHlIE HA MOCTax
i KOMyTaTOpax, KOMI'IOTEpH, L0 HAJIEXkKATb Pi3HUM BipTyaJlbHUM CErMEHTaM, He
YTBOPIOKTH EMHOT MEpexi.

Ins Toro mwo6 edekTHBHO KOHCOMIAYBAaTH Pi3Hi BUAM TpadiKy B Mepexi
ATM, mnotpibHa crewianbHa MOTepeaHs MiATOTOBKA (ajanTauis) NaHHX, L0
MaKoTh Pi3HMH XapakTep: Kagpu — A1 UMGPOBUX AAHNX, CUTHANK iMITYJIbCHO-
KOZOBOIT MOAYJIALIT — AJIs roJlocy, NOToKU OiTiB — A Bigeo. EdekTuBHa KOHCO-
nigauis Tpadiky notpedye Takoxk oGNiKy Ta BAKOPUCTAHH:A CTATUCTHYHUX Bapi-
ariif IFTEHCUBHOCTI pi3HUX THTIB TpadiKy.

Kepoeanicms. SO pHecnia BeNMMKUI BHECOK Y CTaHAApPTH3aLil0 Mepex. Mo-
Jesib YIpaBJIiHHA Mepexi € OCHOBHHM 3aco00M Al pO3yMiHHA FOJOBHUX (QyHK-
uiit cucteM ynpaBniHHA Mepexi. Llg Monens cknagaeTbes 3 5 KOHUENTYaNbHUX
obnacTteit:
ynpaBiiHHA eeKTHBHICTIO;
ynpaBaiHHA KOHbirypati€to;

YIpaBIiHHs BpaxyBaHHSIM BUKOPHCTaHHS pecypcis;
YIIPaBIiHHSA HECTIPABHOCTAMM;
— YMpaBJliHHA 3aXMCTOM QaHHX.




HIEEE6 3

Vnpaeninus epexmuenicmio. MeTa ynpasiiHH eQeKTHBHICTIO — BUMipio-
BaHHSA i 3a6e3ne4eHHs Pi3HUX acreKTiB epeKTUBHOCTI Mepexi aas Toro, wob
MiKMepeskeBa €EKTHBHICTL MOTNIa MIATPUMYBATHCA HA NPHAHATHOMY piBHI.
Hpuxnagamu 3minHKX edekTnpHOCTel, sAKi Mornu 6 Gytu 3abesneueni, € mpo-
MyCKHa 3[aTHICTh Mepesxi, Yac peakuii KopucTyBauis i KoeillicHT BUKOPUCTaH-
HA JTiHiT.

Ynpasninna xonghizypayicio. Mera ynpasiiHHa KOHQirypauiero — KOHTpo-
moBanHa iHdopMmaLlii npo MepexkeBy i cucteMHy xoHgirypauil ansa Toro, o6
MO3KHa OYJ10 BIACTEXYBaTH | KepyBaTH BILTMBOM Ha POBOTY Mepeski pisHMX Bep-
Ciit amapartHuX i mporpamHuX eneMeHTiB. OCKINBKM BCi anapartHi i nmporpamHi
eJIEMEHTH MalOTh eKCIUTyaTaliliHi BIAXUIEHHA, TOXUOKH, AKi MOXYTb BILUIMBATU
Ha poboTy Mepexi, Taka iHopMauis BaxnuBa At NixTpuMkn GesnepebifiHol
poboTtu Mepexi.

Koxen npuctpiit mepexxi Mae pisHOMaHiTHy iHpopMairo npo Bepcii, acowi-
#osaHi 3 HUM. 106 3a6e3nevnTH Nerkuil AOCTYI, MiACUCTEMHU YIIPaBIiHHA KOH-
dirypauieto 36epiratots U0 indopmanito B 6a3i gaHux. Kosm BuHHKae skacsk
npobnema, B Uil 6a3i naHUX Moxe OyTH NpOoBeAeHHH MOUIYK KIIIOUIB, AKi MOIH
6 nOMOMOrTH BUPILWIKTH L0 npobnemy.

Vnpasninus epaxysanuam euxopucmanHsa pecypcie. Merta ynpaeiiHHA Bpa-
XyBaHHAM BMKOPHCTAaHHA peCypCiB — BHMIpPIOBaHH:A MapaMeTpiB BUKOPUCTaHHA
Mepexi, o6 MoxHa Gyno BiAMOBIAHMM YHHOM PErynioBaTH il BUKOPHUCTaHHS
iHAMBIyaNlbHUMH YM TPYIIOBHMH KOPUCTyBauaMu. Take perysiroBaHHsS MiHIMI-
3y€ umcno npobneM B Mepexi (OCKINIBKH pecypcH Mepexi MoxXyTb OyTyu noine-
Hi, BUXOAAYH 3 MOMJIMBOCTEH IKepena) i MaKCUMi3ye piBHOJOCTYHICTE 10 Me-
pexi Ans BCIX KOPUCTYBauiB.

Vnpaeninns necnpagnocmamu. MeTa ynpaBiiHHA HeCIpaBHOCTAMH — BU-
ABMTH, 3a(iKCyBaTH, MOBIJOMHTH KOPUCTYBaviB i (B MeXax MOXJHBOr0) aBTO-
MaTHYHO YCYHYTH MpoOieMu B Mepexi, o0 epeKTURHO MiATPUMYBaTH poboTy
Mepesxi. OCKiNIbKH HECTIPABHOCTI MOXCYTh NPU3BECTH A0 MPOCTOIB abo Henpuny-
CTUMOI Aerpajailii Mepexi, ynpasliHHs HECHPaBHOCTAMM € HAWOUIBII HIMPOKO
PO3NOBCIOUKEHUM €JIEMEHTOM MOJENi yrnpaBliHHA Mepexeto 1SO.

VpaBniHHs HECTIPABHOCTAMH MICTHTB KiJlbKa KPOKIB:

— BH3HAYEHHS CUMIMTOMIB MpodIeMH;

— 130/10BaHHA npobnemu;

— YCYHEHHs npodnemu;
nepesipka yCyHEHHs HeClpaBHOCTI Ha BCIX BOXKIIMBUX MiJCHCTEMaX;

— PpeecTpallis BUABNEHHA NMpobneMu Ta 1i BUPILLEHHS.

Ynpasninna saxucmom oanux. Meta ynpaBiiHHA 3aXUCTOM JaHHX — KOHT-
poiib AOCTYMy IO MEPEKEBHX PecypciB 3 BIAMOBIAHICTIO MICLUEBUM KepiBHHM
NpUHLMNAM, 06 3poOHTH HEMOXIUBUMH caboTaX Mepexi i AOCTYN 0 4yTau-
BoT iH(opMaLlii ocobam, siki He MalOTh BiANoBigHoro no3eony. Hanpuknan, onHa
3 DiACHCTeM YNpaBMiHHA 3aXHCTOM JAHHX MOXKE KOHTPOJIIOBATH peecTpariio
KOPHUCTYBauiB pecypcy Mepexi, BIAMOBIIAIOUN B IOCTYIl TUM, XTO BBOAHTE KOIU
AOCTYyMy, Ki HE BiANOBiAalOTb BCTAHOBICHHM.

HTB BHTY| =~
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[TincucTeMu ynpaBniHHA 3aXMCTOM AaHUX MPALOIOTh WINAXOM NOAINY xe-
pen Ha CaHKLIOHOBaHI i HecaHKL{ioHoBaHi obnacti. Jljs AeAKHX KOPHCTYBadiB
JOCTYI A0 OyOb-IKOro JKepena Mepeki € HeBiMOBI IHUM.

IligcucreMM ynpaBmiHHA 3aXUCTOM JaHUX BUKOHYHOTh Taki QyHKLIT:

— 1IeHTUGIKYIOTh YYTIAMBI pecypcu Mepexi (BKIIOYaloud CHCTeMH, daitnu
Ta iHIi 06’ €KTH);

— 3AICHIOIOTh BifOOpPa)ke€HHA Y BUIIIAAI KapT MiX YYTIHBUMM [KepenaMu
Mepexi | HabopOM KOpHCTYBauiB;

— KOHTPOJIOIOTh TOYKHM JOCTYITY 4O YYTIAMBUX pECypCiB Mepexi;

— PEECTPYIOTh HEBIAMNOBIAHMI JOCTYN 0 Yy TIHBUX PECYpPCiB Mepexi.

Cymichicmo

Cymicnicme | mMobinenicme npozpamHozo 3abe3nevenns. KoHuenuis npo-
IpaMHOi CyMiCHOCTI Briepilie B IIMPOKHX MacliTabax Oysa 3acTocoBaHa po3pob-
HukaMu cuctemu IBM/360. OcHOBHe 3aBAaHHs MPH MPOEKTYBaHHI BCbOFO PAAY
Mopeliel L€l cUCTeMU HOJIATaNno y CTBOPEHHI Takoi apXiTekTypH, ska Oyna 6
0/JJHAKOBOIO, 3 TOIMIANY KOPHUCTyBada, U BCIX MoOZAENeil CHCTeMH He3anexHo
BiJl WiHM 1 DPOJYKTUBHOCTI KOXKHOI 3 HUX. BenuuesHi rnepepary takoro rmiaxomy,
mo ao3Bosiie 36epirath icHyrouni HapoOOK nporpamHoro 3abesrieyeHHs Npu
nepexofi Ha HOBI (K npaBuno, OiNbll NPOAYKTUBHI) Moaeni, Oy/lM LUBMIKO
OLIHEH] AK BUPOOHMKAMM KOMII'IOTEpIB, TaK i KOPUCTYBa4aMH, i MOYMHAIOUH 3
LbOTO Yacy MPaKTUYHO BCi GipMH-MOCTavyaNbBHUKH KOMIT IOTEPHOTrO 00NafgHaHHA
B3SJIM Ha 030pO€HHA Wi NMPUHLUMOK, MOCTayalouu cepil CyMiCHHX KOMIT IOTepiB.
Onnak, 3 yacoM HaBiTb HalinepenoRBilla apXiTeKTypa HeMUHYYe 3acTapiBac i BU-~
Hukae notpeba BHECEHHA paauKalbHUX 3MIH B apXiTeKTypy i cnocobu oprasi-
31l 00YHCIOBATBHUX CHCTEM.

B naumii yac ofiHUM 3 HAHOINBII BaXXAMBUX (aKTOpPiB, 1110 BU3HAYAIOTH CY-
YacHi TeHJeHUIi Yy po3BUTKY iH(OpMauiiHUX TeXHOMNOriH, € OpieHTalid KoMa-
Hilf-nocTayanbHUKIB KOMII'IOTEPHOro 0ONnagHaHHA Ha PUHOK MPUKAAAHUX Npo-
rpamMHuX 3acobiB.

Lleii mepexin BUCYHYB Pl HOBUX BUMor. Ilepimn 3a Bce, Take oGuUCIOBab-
HE Cepe/loBMILE Ma€ I03BOJISITA THYYKO 3MIHIOBAaTH KUIBKICTB | CKNaj arnapaTHUX
3acobiB 1 nporpamHoro 3a0e3neuyeHHs BIANOBIAHO HO 3MIHIOBAaHMX BHUMOL
po3B’A3yBaHUX 3aBlaHb. [lo-apyre, BOHO NOBMHHO 3a0e3NevyBaTH MOXXIUBICTD
3aIlyCKy OJIHMX 1 THX )K€ MpOrpaMHHUX CHCTEeM Ha Pi3HMX anapatHHux riatdop-
Max, ToOTo 3abe3neuyBati MOOIIBHICTE IporpaMHoro 3abesnedeHHs:. ITo-Tpete,
e cepelloBHLIE MAE rapaHTYBaTH MOXJIMBICTh 3aCTOCYBAHHS OJHMX | THX e
JAIOAMHO-MaLIMHHUX iHTepdeliciB Ha BCiX KOMM'l0Tepax, IO BXOAATL 4O HEOA-
HopimHOi Mepexi. B ymoBax »opcTkoi KOHKypeHLii BMPOOHHMKIB amapaTHUX
naathopM Ta nporpamHoro 3abesnedeHHs copMyBanacs KOHLENUis BiIKPUTHX
cUCTeM, Lo ABiAsSE COOOIO CYKYIHICTh CTAHAAPTIB HA Pi3HI KOMIOHEHTH 06uHCc-
JIOBATBbHOIO CEpefOBHIA, NPU3HAYeHUX Ui 3abe3neueHHA MoGinbHOCTI mpo-
rpaMHUX 3aco0iB B paMKaX HEOIHOPIAHOI, po3NnoAiNeHol 004YHNCIIOBaIbHOT Crc-
TeMH.
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10.
Il
12.
13.
14.
15.
16.
17.
18.
19.
20.
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22.
23.
24.
25.
26.
27.
28.
29.
30.

KoHTpoabHi nuTaHHs

Haiite o3HaYEHHA Mepexi.

Ha3giTe 0CHOBHI 03HaKHU knacK(ikalii KOMI IOTEPHUX MEPEX.
Sk noinAoThECA Mepexi 3a TEPUTOPIATBHOIO 03HAKO0?

Lo Take kaHanH 38°A3Ky?

Jaiite o3HaueHHs (izMUHOro KaHany 3B A3Ky.

Haiite 03HaueHHA NOMiYHOTO KaHaly 3B’ A3KY.

Sk HaA3MBAETBCA CYKYMHICTh MpaBui oOMiHY iHdopMauicro mix mBoma abo
KiNbKOMa NPUCTPOIMH?

UnM Bipi3HAETLCA OJHOPAHTOBA apXiTeKTypa Bifl KAIEHT-CepBepHOT apXiTe-
KTypu?

Ski cepsicu Hajae KiieHT-cepBepHa apXitekTypa?

V sixoMy BHMaJKy BHKOPHUCTOBYETBCS OJHOPAHTOBA apXiTeKTypa?
[I[o xapakTepHO A/ MEpPExK 3 BUAITEHUM cepBepom?

1o Take ceprep?

SIKi OCHOBHI BUMOTHM BUCYBAIOTECA 10 MEPEX?

llo Take NpoayKTHBHICTL Mepexi?

Sxi € cnoco6u MiABULLEHHS [IPOLYKTHBHOCTI MEPEXK?

Sk 3a6e3neunTr BUCOKOLIBUAKICHE TiepechianHs Tpadiky?

Yum 3abe3neuyeTbes HAAIRHICTD Mepexi?

I1lo Take BigMOBOCTIHKICTB?

lepeniunTi 3aBnaHHsA Ge3nekH JaHUX B MEPEXI.

3 KOO METO BUKOPUCTOBYETLCS pe3epBHE KOMitOBaHH:?

Hum 3abe3neuyeTbes Gesnexa MepeK B KIIEHT-CepBEpHiil apXiTekTypi?
3 KO METOIO BCTAHOBIIOIOTLCS €KPaHOBaHI JHIT y Mepe:xi?
o Take rpo3opicTs Mepex?

I1{o BUKOPUCTOBYETHCA ANA MOIINY MEPEXi Ha CerMeHTH?

SIKM YMHOM MOXKHA 3MEHIUTH Tpadik B Mepexi?

1o oxonmoe ynpasniHHs eQekTHBHICTIO?

3 AKOI0 METOI BUKOPHMCTOBYETHCS YIPABJIiHHA HECIIPABHOCTAMU?
Hns goro HeoOXxiaHO ynpaBniHHA KoHpirypauieto?

SIka MeTa ynpaBliHHA 3aXHCTOM OaHUX?

JakiTe 03Ha4YeHHA MOHATTA CYMICHOCTI Mepex.
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2 3ATAJIBHI NPUHUMITHA NOBYJJOBH KOMIT'YOTEPHUX MEPEX
2.1 TonoJoria ¢pi3HYHUX 3B’ SI3KiB

Tononoziero xoMI’roTepHOl Mepexki Ha3sHBalOTh croci® 3°’€AHaHHA B Hiid
KoMI’toTepiB (croci6 opraizauii GpisnuHUX 3B’43KiB). [HIWIMMK CrnoBaMK TOMNO-
noris — ue koHpirypauis rpada, BepllHAM SKOrO BiANOBiAAIOTE KOMI IOTEPH
Mepexi (iHoni # iHUle oOMagHaHHs, HarpUKiad, KOHUEHTpaTopH), a pebpam —
¢i3n4Hi 3B’43KK MK HUMH.

Bubip Tomosioril icTOTHO BIIMBAE Ha Psf XapakTepUCTHK Mepexi. Hanpu-
K/afl, HadBHICTL pe3epBHUX 3B’A3KIB MiABHMILYE i1 HaAIMHICTE | pobUTH MOXIH-
BUM OalaHCyBaHHs 3aBaHTaXKeHHA OKpeMuX KaHanip. IlpocroTa npuennanus
HOBMX BY3MiB, sIKa BIAaCTUBA JEAKUM TOIOJIOTiAM, pOOUTH KOMIT'IOTEPHY Mepe-
XKy JIETKOPO3WHMPIOBaHoK. EKOHOMIuHI MipKyBaHHA 4acTo NPHUBOAATh A0 BHOO-
py TOMONOTIH, A1 SKHX XapakTepHa MiHiMallbHa CyMmapHa JOBXHHA JNiHik
3B’A3KY.

Knacudikailist Toronoriit koM’ 1oTepHoi Mepexi HaBeaeHa Ha puc. 2.1 [1, 2,
4,5].

Tunu Tonosnoriii KM

MOBHO3B A3Hi HENOBHO3B A3HI
] / \
-~
-~
~
-
e
KOMIpKoBa | | ,,3aralbHa HHA~ ,.Kinbne” ,»3ipka” 3MilIaHa

Pricynok 2. 1 — Tunu Torosoriii KOMIT IoTepHOT Mepexi

Ilo6H036 ’a31a TOMONOrIS BiAMOBiAae Mepexi, B AKii KOXHUM KOMI'IOTEp
Mepexi Mae 3B’13KU 3 ycimMa iHIIMMH 11 komn’oTepamu. B 3aranbHoMy BUnaaxky
1e JIOCUThL IPOMi3IkKil i HeeeKTUBHUI BapiaHT koMM 'IOTepHOI Mepexi, ocki-
JBKY ToTpe6ye BEMMKOI KifIbKOCTI KOMYHiKaliHHUX MOpTIiB Ana 3abe3neyeHHs
Takoro 3B°a3Ky. KinbkicTb niHiit 38’ s13ky Np y Takiil koMIT' OTepHIit Mepesxi

NL=—'1%31—), @.1)

JIe 1 — KIJIbKICTb BY3J1iB Y Mepexi.
[ToBHO3B SI3HA TOMONOriA 3aCTOCOBYETbCA AyKe pijko. Haifuacriwe BoHa
BMKOPHUCTOBYETBCA B GaraTOMallIMHHUX KOMILIEKcax abo Mepexax npu HeBesu-
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Kill KiTbKOCTi KOMI 1OTEPIB.

Bci iHmi BapiaHTW TOMONOriH OCHOBaHI Ha WeNOGHO36 's3HUX CTPYKTYpaX,
KONM A o6MIHY JaHMMH MiX ABOMa KOMIT'IOTepaMM Moxke OyTH moTpibHe
NpoMiXKHE MepeaBaHHs JaHUX Yepes iHIli By3JIH Mepexi.

Komipkoea tonosoris (mesh) oTpUMYEThCS 3 MOBHO3B A3HOT LIJIAXOM BU/a-
JIEHHS JEAKMX MOXIMBHMX 3B’A3KIB. Y Mepexi 3 KOMipKOBOK TOMNOJIOTIER
3B’A3YIOThCA JIMILE Ti KOMIT'KOTEPU, MIX AKUMM BinOyBacTbCA IHTEHCHBHUI 06-
MiH pauumu. [ oOMiHy DaHUMH MK KOMITIOTEpaMH, He 3’ €JHAHMMU MPAMH-
MU JIiHIAMHU 3B°43Ky, BUKOPUCTOBYIOTBCA TPAH3WTHI TepefaBaHHd uepes NnpoMi-
xHi By3nu. KomipkoBa Tonosorisi gonyckae 3°€HaHHA BENWKO! KiNbKOCT
KOMIT'IOTepiB.

Tononozia «umuna» (puc. 2.2) nepeabayac BUKOPUCTaHHA OJHOTO Kabento,
110 KOO MiAK/IIOYAOTLCA BCi KOMI'IOTepy Mepexi. Y Bumaaky TOMosorii «3a-
rajbHa wWyHa» Kalellb BUKOPHUCTOBYETHCA BCIMa CTaHLIAMH Mo 4epsi. Bxupa-
10TbCA CMELjalbHI 3aX0aM LU TOro, oG npu poGoti i3 zaransHuMm Kabenem
KOMII'IOTEPH HE 32BaXKa/H ONHH OJHOMY NepeaaBaTty i npuitMaty aasi [2]. Bei
TOBiIOMNEHHS, IO HANCUNIAIOTLCA OKPEMMMU KOMIT IOTEPaMy, IPUIIMAIOTECA i
[POCIYXOBYIOTbCA BCiMa iHIIMMM KOMIT'FOTEpaMH, MIIKIIOYEHUMH 10 Mepesxi.
PoGoua crauuis Biabupae agpecopaHi iif MOBIIOMIIEHHS, BUKOPHCTOBYIOUM ajl-
pecHy indopmauiro. HaniftHicTs TyT BHila, TOMy IO BMXiA 3 jagy OKpeMMx
KOMIT'HOTEpiB He MOPYLIMTL PoGOTO3AATHICTL Mepexki B uinomy. [owyk He-
CMpPaBHOCTI B Mepexi CKIaAHIMH, OCKINBKA BUKOPUCTOBYETHCA TilIbKH OIMH
xabenb, y BUMaAKy oOpUBY AKOrO MOPYIIYeThCs poGoTa Beiel Mepesxi. Iluuua
TOMOJIOris — Le HalGIbI NpocTa i JoHeJaBHA HaHMOWMpPEHIia TOMOIOTiA Me-
pexi.

Pucynok 2.2 — Tononorist «uiMHa»

Ho riepeBar WIMHHOT TONOJOTiT BiHOCATS:
— MACHUBHICTb Mepexi;
— JIerKuil 10CTYMN 10 BCIX KOMITOHEHTIB MEPEeXi;
NPOCTOTY MiAK/ITIOUEHHS HOBUX KOMI IOTEpIB;

— NPUCTOCOBaHICTL [0 MNepefayi NOBIAOMIIEHb 3 PI3KMMM KOAMBAHHAMHU
IHTEHCUBHOCTI MOTOKY MOBiOM/IEHD.

o HeloNiKiB WHHHOT TOMONOriT MOKHA BIHECTH TaKi:

— 3arajbHa JOBXHMHA Mepexi obmexeHa 1-2 kM (Tononoris macuBHa, oT-
e, HeOOXIZHO NiACUNIOBATH CHTHAIH, WO 3aTYXalOTh B CETMEHTI Kabenio);

~ BiACYTHE aBTOMaTHYHE NMiATBEPUKEHHS IpUiManHsa iHdopMaLii;

— npy 36inblIeHHi KinbKOCTI KOMITIOTEpiB MpoNyckHa COPOMOXKHICTb
Mepexi crajac;

— iHoAi TpannaeTbea iHTepdepeHUis MOBIAOMIEHb, WO MepenaroThCs
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LIHHOIO;
— ycknajaHeHuH 3axMcT iHdopMmauii, NMOBiZOMAEHHS MOXYTb OyTu ferko
npocayXaHi i mepexonieHi, OCKINIbKU JIErKO MOXHa NPUEAHATHCA 10 Mepei.
[Ipu mononozii «3ipxa» BCi KOMNI'IOTEPH 3a JOMOMOTOI0 CErMeHTiB Kabe-
NI MiAKIIOYA0TLCA 10 LEHTPANbHOTO KOMIIOHEHTA, AIKUH HA3MBAETHCA KOHLie-
HTtpatopoM (hub). Bci noBigomieHHs aapecyloThCi Yepe3 KOHUEHTPATOp

(pmc. 2.3).

Konuenrparop
(xab)

Pucynok 2.3 — Tononoris «3ipka»

Cepen KOHLEHTpPaTOPiB BUAINAIOTBECA aKTUBHI — pereHepyroTh i nepena-
IOTb CUTHA/M, NACHBHI — MPOMYCKalOTh Yepe3 cede curHan i ribpuaHi, 10 akux
MOHa MIAKII0YaTH Kadesai pi3HUX TUIIIB.

BukopHucTaHHA KOHLEHTPATOPIB J1a€ Pl Nepenar:

— Ha pi3HHX pajiafbHUX HaMmpAMKax MOXKyTb OYTH BUKOPHCTaHi pi3Hi kaHa-
74 1 LIBUAKOCTI NepelaBaHHs AaHUX;

— HE3a/IeXHICTb KOMHOI0 HaNpsAMKY Bifl iHILHMX, PO3pHB Kabelto B Mepexi 3
TOMONOTIEI «3ipKay Nopyllye poOOTY JIMLLIE AaHOTO CerMeHTa, iHili CEerMeHTH
3a/MLaThC POOOTO3AATHUMY;

~ BUCOKHH CTYNIHb 3aXHCTY NaHMX;

— CINpPOILEHHi NMOLIYK HECIPaBHOCTeH Mepexi, akTHBHI KOHLEHTPaTOpH ya-
CTO HafijeHi AIarHOCTUYHUMHU MOMNUTMBOCTAMH, SKI J03BOJAIOT BUSHAYHUTH Po-
60TO3AaTHICTb 3’ €IHAHHS.

Jo HenonikiB Tononorii «3ipka» BapTO BIAHECTH: BiIAMOBA KOHLEHTpaTopa
Bee 10 BIAMOBH BCi€i Mepexi; Oillbil BUCOKY BapTiCTh MepexeBoro obnasHaH-
HA (BHACHiIOK HEOOXIAHOCTI MpHAGaHHA KOHLIEHTPATOpPa); BeJIMKY KiNbKICTh pa-
AiajbHUX MPOBOJIB; HEBMCOKMI BIICOTOK BUKOPUCTaHHs NPOMYCKHOI 3AaTHOCTI.
KpiM TOro, MO>XIMBOCTi HapoLLyBaHHs KiJIbKOCTI BY3JiB Yy Mepexi 0OMeKytoTb-
€ Ki/IbKICTIO MOPTiB KOHUEHTpaTopa. [Hoai AouiibHO OynyBaTH Mepexy 3 Bu-
KOPUCTaHHAM KilbKOX KOHLEHTpaTOpiB, iepapXidHO 3’€HAHHWX MiX cobor y
BUTIA AL 3ipKH.

Ipu mononozii «kinvye» KoMn'lOTEpH NiAKIIOYAIOTbLCA JO kabemo, 3a-
MKHEHOro B Kinble (puc. 2.4).

ITpu uboMy B kabeni HeMae BINBLHOrO KiHUA, A0 AKOr0 HeoOXiaHO miakno-
uaty TepMiHaTtop. CUrHanu nepefaroThes KinbLeM B OAHOMY HanpsAMKY i npo-
XOIAThb Uepe3 KOKHUI koM’ toTep. Ha BiaMiHy Bia nacvBHOT TONMOMOrT «IIKMHaY,
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TYT KOXKHMH KOMN'IOTEp BMCTYMNA€E B POJIi NMOBTOPIOBaYa — MPHCTPOIO, 1O Mif-
CWJIIO€ CATHAJ | Nepesiae oro HaCTYMHOMY KOMIT'10Tepy.

Kowmn. | Kowmmn. 2 Kowmrm. 3 l

Komn. 4 Komn. 5 Kowmn. 6

PucyHox 2.4 — Tonosioris «kinbie»

[lepeBaroro kinbLEBOi TOMONOTII € PIBHOMPABHUI JOCTYN BCIX KOMI FOTEPiB
1o mepexi. KinbkicTs KOpUCTYBauiB CyTTERO HE BILIMBAE Ha MPOAYKTUBHICTD. Jloc-
TYM [0 KiNbliA rapaHTOBaHMi, HABITh AKILO Mepexa CHITLHO 3aBaHTaXeHa. JMo-
BIPHICTL MOMUNOK Ayxe Mana. 3abe3neyyeTbcs BUCOKA IIBUAKICTb NepeaaBaHHs
A3HHUX.

Ho Heposikie wiel Tonosorii BapTo BiaHecTH Te, WO BUXiA 3 Aady OAHOrO
KOMIT'K0Tepa MOXe BMBECTH 3 flaly BCIO Mepexy. B Hili Baxko nokanizysaTu npo-
Gnemu, 3mina koHdirypauii notpebye syniHeHHs poboTH Beiei Mepexi.

Cepen Kombinosanux mononozifi HaiGinbly MNOWIMPEHUMHU € TOMOMOFIT
«3ipKa—luMHa» Ta «3ipka—KinbLie» (puc. 2.5). «3ipKka—LIMHA» YTBOPIOETHCA ILA-
XOM MAKIIOYEHHS 10 MaricTpanbHoT JIHIHHOT IWWHHK KifbKOX Mepesk 3 TOrono-
riero «3ipxay. Ilpu UbOMy BHXiJ 3 1agy OAHOTO KOMIT'I0Tepa He BI/IMBAE Ha Me-
pexcy. Buxin 3 najly KOHUEHTpaTOpa BUKIMKAE [IPUMMHEHHA (PyHKLIOHYBaHHs
MiAKTIOYEHHX O HbLOrO KOMITIOTEPIB | KOHUEHTpartopis. «3ipka—Kkinble» —
KOHLIEHTPaTOPH YTBOPIOIOTh 3ipKY.

Konueurparop Konuenrparop KonueHnrparop
Konuentparop

| |

l |

KonuenTparop KoHuentpatop KouueHtparop

o o

Pucynox 2.5 — KombiHoBani Tonosnorii
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[pu BuGopi onTManeHoO! TONONOTIT PO3rIAAAOTLCS TPH OCHOBHI METH:

- 3abe3neveHHs albTepPHATHBHOI MaplupyTH3auii H mMaxkcHmanbHOT Haiii-
HOCTI nepenadi AaHUX;

- BUOIp ONTUMABHOrO MapUIpyTy nepenadi 6JI0KiB AaHUX;

- HaJaHHs NPUHHATHOrO Yacy BiAMOBiAI Ta MOTPiIOHOI MPOMYCKHOT 34aTHO-
CTi.

2.2 MeToau AOCTYNY A0 CepelOBHULLA

Memoo oocmyny — ue cnocié BU3HAYEHHs TOro, sAkKa 3 pobouMx CTaHuii
3MO’KE€ HACTYMHOK BHKOPUCTATU JIOKAIbHY OOuYHCHIOBalbHY Mepexy. Te, sk
Mepexa ynpasise A0CTYNOM 10 KaHaly 3B’A3Ky (kabesto), iCTOTHO BIJIMBAaE Ha
11 XapakTepUCTHKHU.

Konkypenmui memoou oocmyny

BuKOpHCTOBYIOYM KOHKYPEHTHHH METOJ, AOCTYyMy (METOA BHMAAKOBOrO 10-
CTyMy), KOXEH BY301 MOXe 3poOMTH crpoly nepelaBaHHs TOBIJOMIIEHHS B
Oyap-aKui MOMeHT. SIKIO NiHiA 3aliHATa a00 BUABNEHO KOJIi3it0 (3iTKHEHHS Nno-
BiAOMJIEHb Bil KiNbKOX NepeaaBayiB) cnpoba MepeiaBaHHA BiAKIANAETbCA Ha
BUIA/IKOBUI1 MPOMDKOK 4acy.

€ pAn anropuTMIB, WO AAIOTH 3MOTY YHUKATH, abo K, NpUHAaNMHI, MiHIMi-
3yBaTM Hacniaku komiziif. Ilepeparu: mpocro peanizyioTbes, 3abe3nedyroTs
WBUAKKUA AOCTYMN A0 IWIMHU, JAIOTh 3MOTY JIETKO Mil’€HYBaTH Ta Bil €IHYBaTH
BY37H, He NMOTpeOyIOTh LIEHTPAIILHOTO KePIBHOTO NPHCTPOIO, XapaKTEPU3YIOThHCS
BUCOKOIO JKMBYUICTIO. 'OJJOBHHM HEIOJIIKOM TaKUX CHCTEM € pi3ke 30iNbLICHH:
Yacy OYiKyBaHHs JOCTYMy NpH 30i/IbIIeHHI HaBaHTaXKeHHA B Mepexxi. OCHOBHI
nsa pizHoBuan — CSMA/CA i CSMA/CD [1].

Memoo CSMA/CA (Carrier Sense Multiple Access/Collision Avoidance) —
peanisye BiNbHUH (MHOXKHHHUIA) LOCTYN 3 NMPOCIYXOBYBaHHIM Hecyuol Ta 3amno-
6iraHHaM KomnizisiM. CraHUis, fKa TOTOBa BiANPAaBUTH MOBIAOMJIEHHS, MPOCHY-
XOBYE NiHir0. 32 BIICYTHOCTI HECY4OT CTaHIlif BiIpaBIse KOPOTKHI CUTHAI 3a-
nuTy Ha mnepeaaBaHHa (RTS) i meeHuil wac odikye BiAMOBRIAI BiA agpecaTa
(CTS). 3a BiacyTHocTi BianmoBiai (io, 3a3BU4ai, € Hac/liAkoM Komnisii) cnpoba
riepelaBaHHA BIAK/IAZaeThCA, MPH OAEPXKaHHI BiANOBiAl — MOBiAOMNEHHS BiaM-
paBaseTbes anpecaty. KopoTki nosinomneHHs RTS—-CTS BHKOHYIOTH poib Ae-
TekTOpiB Komi3iit. Kpauie, o6 kounizia BinOynace nix vac nepeaapaHHs KOpPOT-
KOTo KEpiBHOTO CUrHany, Hi’k JOBroro NOBiAOMJIEHHSA 3 iH(OpMAaLiEr0 KOpUCTY-
Baya. Meton CSMA/CA He nae 3MOry MOBHICTIO YHUKATH KOJH3iH, OtHaK AO-
CUTb eheKTHBHUI U1 MepeX 3 HEBEJIMKOK KinbkicTio By3nis. Lleit meron Buko-
pHUCTOBYETbCS B MepexkeBux apxiTektypax LocalTalk ¢ipmu Apple, Bigsnaua-
€TbCs MPOCTOTOIO Ta JELIEBU3HOIO anlapaTHOro 3abe3neyeHHs.

Memoo CSMA/CD (Carrier Sense Multiple Access/Collision Detect) — pea-
ni3ye BiNbHWIA (MHOXHMHHUI) AOCTYN 3 NPOCIYXOBYBAHHAM HECy4Ol Ta BUAB-
JIEHHAM KOJIi3ifl. ANrOpUTM METOY HaBeieHUH Ha puc. 2.6.
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CraHuis, Aka rotoBa BiNIPABUTH TOBIZOMJIEHHA, NMPOCTYXOBYE MiHil0. 3a
BiICYTHOCTI HeCy4ol CTaHLis NOYMHAE NepelaBaHHs NOBIROMIEHHS, 3/1ilCHION0-
UM NIpY LBOMY KOHTPOJIb 3a cTaHoM Jinii. [Ipu BusBReHHI konisii (3pocTaHHi ak-
TUBHOCTI JiHil) Mepeaya NPUIHHSAETHCA, a IOBTOPHA cIpoba BifKIaaaeThcs Ha
BUIAAKOBMI MPOMIXKOK 4acy. MakcuManbHMil Yac, MpOTAroM SKOro MOKe BU-
HUKHYTH KOJIi3isl, BIAMOBiAa€ MOABOEHOMY 4acy MpPOXOMXEHHS CHTHANOM Mak-
CHMaBLHOT BiAICTaHI MiXK IBOMA By3namu Mepexxi. TpuBanicTb nepefapaHHs na-
KeTa MOoBUHHA OyTH OINBILOIO 32 MAaKCHUMAIBHMI Yac BUSBAEHHS KOMNi3ii. Meton
CSMA/CD Ha npakrtuui Kyxke eeKTUBHMN i fa€ 3MOTY BUKOPHUCTOBYBATH 10
90% poctynHoi nponyckHOi 3aTHOCTI KaHany, oAHaK, nopieHaHo 3 CSMA/CA,
notpebye Ginbi goporux anapaTHux 3acobis. Llell MeTon BHKOPHUCTOBYEThCS Y
GaratboX MepexeBHX apXiTeKTypax, 30kpema, B HaiGiNblu nowMpenii apxitek-
Typi Ethernet.

HeobxigHicTb nepepayi

>
l

A
Poboua cTanyisn
NPOCNyXOBYE kKaHan

i KaHan 3anHaTuia

Pofoyva cTaHuis
ouikye

MNepesipka
KaHany

A 4

Kanan sineHwuin

Pobova cTaHUig po3noYnHae
nepegavy Ta NpocnyxoBye
kaHan

Buruk KoHdbNiKT

Mepesipka
KaHany

Pob6oya cTanuis
3yNUHAE Nepenavy

Kanan sinbHui
A

Po6oya craHjs Mepexesa kapTa 3anae
po3nounHae Ta 3akiHuye BMNaAKoBo BUBpaHNIt
nepepavy NPOMDKOK Yacy

! v _

3BinbHEHHA kKaHany
Pucynok 2.6 — Anroputm metony CSMA/CD

Aemepminosani memoou oocmyny — By3nu Mepeski 0AepXKYIOTh JOCTYI A0
cepeloBMlla nepefaBaHHs y NEBHOMY NOpAAkKy. Po3pizHAIOTH ABa OCHOBHMX
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METOIM JeTEPMIHOBaHOTo OCTymy: onutysaHhus (Polling) Ta nepenapanns Ma-
pxepa (Token Passing) [1, 4].

Memoo onumysanns Bu3Hauae oMK 3 By3niB aAMiHICTPATOPOM J0CTYNY 10
Kanany (iHIUi HasBM — MePBMHHME By3osn, koHTponep). Lleit By3on y nesHomy
MOPAZKY OMKUTYE iHILi (BTOPUHHI) BY3IM CTOCOBHO HAsABHOCTI y HUX iH(OpMALLT,
rOTOBOI 10 nepenasaHHA. CUCTeMHI npasuna 06Me>Ky}OTb MaKCUMabHUI yac
nepenaBanHs iHOPMALIT OHUM 3 BTOPHHHHUX BY3JB B OHOMY LIMKIi OMHKTY-
BaHHA. MeTON OMUTYBaHHA MOXe BUKOPHCTOBYBaTHCh /1A Pi3HUX MEPEKEBHX
Tonoioriit. OnHak HalGinbll NPUPOAHOI WIS HBOTO € TOMONOTiA «3ipKa», B
AKIA LCHTpanbHUil BY301 Bigirpae ponb aaMinictpatopa moctyny. B Bennkux
EOM (Mainframes), sokpema ¢dipmu IBM, ueit MeToa BUKOPHCTOBYETHCA s
ONUTYBaHHA NepuQepifiHNX NPUCTPOIB BBEACHHS AaHUX (TepMiHamiB).

Memoo nepeoasanna mapkepa NopiGHUR 1O MeTOAy ONUTYBAHHSA, AKWil
npaitoe 6e3 UeHTPaNbHOrO KOHTponiepa. [TepBMHHUM 3a 4EProlo CTac KOkeH 3
BY3/IiB, IO OTPUMYE CrieliabHuii 06’€KT — Mapkep. IlepesaBatHs Mapkepa po-
3M0AINA€E YNpaBiHHA NOCTYNOM MiX yciMa Bysnamu Mepexi. KoxeH Byson
3Ha€, BiZl KOTO OTPHMaHO i KoMy noTpi6HO nepeaatv Mapkep. Ilpasuna BusHa-
Hal0Th KOXXHOMY BY3Jly MakCHMaJIbHUI Yac ynpasniHHA Mapkepom. Meton pea-
Mi3y€TbCA AN JIOMIYHUX TOTMONOTIH «KiNbLE» Ta KILIMHAY. BukopucroByetbes B
MepexeBuX apxiTekTypax ARCnet, Token Ring, FDDI.

Meron nepenasaHHA Mapkepa Ta METOA ONMTYBaHHA BUKIHKAIOTH NEBHY
HAI/IMIIKOBICTE Y BUKOPHCTAHHI KaHaly, MoTpeSylOTb N0AATKOBOrO 4acy Ta
3MEHUIYXOTb MOK/IMBOCTI [I€PeAaBaHHs [/ls KOXKHOTO 3 BTOPMHHUX BY3iB. [Te-
peBaramu 060X METOAIB € NOBHA BIACYTHICTb KOMi3iH, MEBHMI 4ac NPOXOKeH-
HA CHTHAJTY, AKMI MaJIo 3aleXMTh Bill HABAaHTAXKEHHS B MEPeXi, Ta MOXKIIHBICTD
3a0e3reyeHHs HalGiNbl aKTHBHIM By3/aM MPIOPUTETHOrO BUKOPUCTAHHA Ka-
Hasy.

2.3 Cnoco6u komyTauii

PO3pi3HAIOTL TpH BUAM KOMYTaLII: KaHaNiB, MOBiIOM/IEHb, NAKETIB (5, 6].

Mepesi 3 koMyTaui€io kaHaniB MaloTb 6inbl 6araty icTopiio, BOHH BEAYTb
CBOE MOXOIDKEHHS BIL NEPLINX TeNe(hOHHNX MEPEX.

Y nesikux Mepexkax Bill Jpkepena 10 OAepKyBaua NepealoThCsi GIOKH fa-
HuX — nakeTH. Llel npoliec Ha3UBaETbCA KOMYTAlli€I0 MaKEeTIB. Mepem 3 KOMY-
TaUi€ro NaKeTiB MOJIOAWII, BOHH 3’ SBUITHCH Hanpm(mul 60-X poKiB AK pe3ynbTaT
EKCTIEPUMEHTIB 3 MEPLIMMHU T0GATEHIMH KOMITIOTEPHUMHU MepexaMH.

Mepesxi 3 koMyTalli€to MOBIIOMIIEHb MOCIYTyBaNM NPOTOTHIOM CyYaCHHX
MEpEX 3 KOMYTALI€IO NaKeTiB i CbOrOJHI BOHM B YHCTOMY BMIVIAI MPaKTHIHO
He iCHYIOTb.

OcTaHHIM 4acoM MOYMHAIOTE PO3rOPTATHCS iHTErpanbHi Mepexi, ki mo-
€AHYIOTb AK TEXHIKY KOMYTallil MaKeTiB, Tak i TEXHIKY KOMyTaLil KaHaiB.

SIK Mepexi 3 KoMyTallieto MaKeTiB, Tak i Mepeski 3 KOMYTALIEI0 KaHAMIB MO-
KHA PO3AINMTH Ha ABA KJACH 34 iHILOKO 03HAKOK) Ha:
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— MepeoiCi 3 OUHAMIYHOIO KoMymayieio 3 IHILIATMBY KOPHCTYyBaya Mepexi.
KomyTanis BUKOHYETbCA Ha Yac ceaHcy 3B s13Ky, @ MOTIM (3HOBY X 3 iHiLIaTHBM
OJHOIO i3 B3aEMOJAIIOYUX KOPMCTYBauiB) 3B’130K pO3pUBAETLCA. 3a3Buuail nepi-
ol 3’€AHaHHA MDK Mapor KOPUCTYBauiB NMPH OUHAMIYHIA KOMYTaLii CTaHOBUTh
Bifl IEKIIBKOX CEKYHJ [0 AEKITbKOX FOJHH 1 3aBeplIy€eThCS NPU BUKOHAHHI me-
BHOT poboT — nepenaui (ailry, nepernigy CTOPiHKH TeKCTy abo 306pakeHHs
TOLLLO;

— Mepedici 3 NOCMIUHOI0 KoMymayicio — Mepexa A03BOJISIE Mapi KOpPUCTYBa-
1iB 3aMOBUTH 3’€IHAHHA Ha TPUBaNKH Mepion yacy. 3’ €AHaHHS BCTAHOBIIOETHCS
He KOpHCTyBayaMH, a NepcoHaloM, AKMH obciyroBye Mepexy. Yac, Ha skuit
BCTAHOBJIOETHCS MOCTiHHA KOMYTallisi, BUMipIOETbCS 3a3BUYail KijlbkoMa Mics-
MU, PesxuM nocTiliHOT KOMYTallil KaHalliB YacTO Ha3WBAETLCA Cepeicom 6udi-
aenux (dedicated) abo opendoganux (leased) xaHanis.

[lpuknanamu Mepex, WO NIATPUMYIOTH PEXHM AMHAMiYHOI KOMYyTauii, €
TenepOHHI Mepexi 3aranbHOro KOPUCTYBAHHs, JOKallbHI Mepexi, Mepexi
TCP/IP. Haii6inbl monyJapHUMK MepeXaMy, O MPALIOIOTh B PEXHMI MOCTIH-
Hol KOMyTaLlil, cborofHi € mepexi rexHosorii SDH, Ha ocHOBI AKkux SyayloTbCs
BHU/INIEH] KaHany 3B 13Ky 3 NPONYCKHOK 3[aTHICTIO Y AeKinbka rirabit 3a cexy-
HIY.

Komymauia kananie (channel switching) — cnouartky cTBOpIO€TbCS Ha-
CKpi3He 3’€AHAHHA MDK BXOJOM i BHMXOJOM CHCTeMM, @ MOTIM [0 LbOMY
3’€¢IHAHHIO B pealbHOMY 4aci BinOyBaeThcs 0OMiH iHQOpMaLiel0 KOPUCTYBAUIB.

OkpeMi kaHanW 3'€AHYIOTbCA MDK COOOIO CrelianbHO anapatyporo — Ko-
MyTaTOpamH, 1O MOXYTh BCTAHOB/IOBATH 3B 30K MK OYIb-KMMH KiHUEBUMH
BY371aMM Mepexi.

Hanpuknaz, aKkwo mepeska, 300paxceHa Ha puc. 2.7, NpaLioe 3a TEXHOIOT-
€10 KOMYyTauii kaHanis, To By301 l, 06 nepenaru AaHi By3ny 7, mepil 3a Bce
NOBUHEH TIepeJaTH CreuianbHUN 3alUT Ha BCTAHOBMEHHA 3°€HaHHA KOMYTato-
py A, BKazaBIIM afpecy npusHaueHHd 7. KomytaTop A noBuHed BHOpaTH Map-
WIpYT NPOKNafaHHs KaHaly, a [I0TiM MepeAaTH 3aluT HaCTYMHOMY KOMYTaTopy,
B nadoMy Bunazaky E. ITotim komytarop E nepenae 3anut komyrtaropy F, a Toi,
B CBOIO 4epry, nepejac 3anuT By3iy 7. SIkmio By3on 7 npuiiMae 3anuT Ha BCTa-
HOBJIEHHS 3’€/IHAHHA, BIH HAaNpaBJii€ NO BXKe BCTAHOB/IEHOMY KaHaly BIAMNOBIAb
BHMXIJHOTO BY3fia, MiC/I YOro KaHaj BBAKAETHCH CKOMYTOBaHUM # Byznmu | i 7
MOXYTb OOMIHIOBATHCA MO HBOMY [aHMMH, HalpukiIal, BecTH TefeOHHY po3-
MOBY.

KomyTatopu noBuHHI 6YyTH BUCOKOLIBUAKICHUMH | MIATPUMYBaTH OYab-iKY
TEXHIKY MYJIbTUILIEKCYBaHHA a0OHEHTChKUX KaHanis [5]:

— TeXHiIKy  4acTOTHOro  MymbrTuniekcyBanHs  (Frequency  Division
Multiplexing, FDM);

— TeXHiKy My’ibTUnekcyBaHHs 3 mnoaiiom uacy (Time Division
Multiplexing, TDM). [laHa TexHika BUKOPUCTOBYETLCS pille Ta Mac iHLIY Ha-
3By — TeXHiKa CHHXPOHHOTO pexkuMmy nepepadi (Synchronous Transfer Mode,
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STM). IcHye moaudikauis TexHiky TDM, 110 Ha3UBAETLCA CTATUCTHYHUMH TTO-
Ainom kaHany B yaci (Statistical TDM, STDM).

Pucynok 2.7 — 3aranbHa cTpyKTypa Mepexi 3 KoMyTailielo aBOHEHTIB

BukIMKH, WO HAAXOAATE MPY 3aHHATOCTI BCIX LUIAXIB 3°€AHAHHA, AK Mpa-
BUIIO, TyOnaThea. O6MIH y peanbHOMY Yaci BU3Ha4ae OCHOBHY 06/acTb BUKOPH-
CTaHHs KOMyTalil KaHaniB — mepeaady Moeu. Hemonik cucrem i3 uum BUROM
KOMyTaUii — BiIHOCHO MOraHe BUKOPHCTAaHHsA KaHaiB Ta 3HAuHa TPUBAICTb
CTBOPEHHA TPaKTy, 60 ANi HbOro HEOOXINHO AOYEKATUCH MOMEHTY, KOJIM B KO-
MYHIKaWifiHi# niamepexxi Oyne BijbHa BCsl HEOOXilHa MOCHIJOBHICTbL KaHaIB.
[lpu xopoTkux ceaHcax 4ac CTBOPEHHA TPaKTy YacTO MEPEBULUYE TPHUBAIICTH
nepenayi 6110KIB AaHMX.

Komymauia nosioomnens (message switching) — komyTauis, npu skiit y ko-
/KHOMY LIEHTPI KOMYTauUil MPOBOAMTLCSA MPUHAOM MOBIAOMIEHB, IX HAKOMWYEHHS i
nojanblua rnepenaya aapecaram. Kpim iHpopmauiiHoi YaCTUHU MOBIAOMAEHHS Mic-
THTB aipecy MyHKTY NPH3HAYEHHA i pi3Hi cmyx6oBi o3Haku. [Tpouec nepenpuitomy
peani3yeTbca B YCIiX LEHTPaX KOMYTALl, 0 3HAXOAATECA HA IUIAXY MPOXOIKEHHS
MOBiJOM/EHHS.

Ha Binminy Bix Mepex i3 KOMyTalli€lo KaHajiB, 0OCAI YCTATKYBaHHA He
NOBUHEH BM3HAYATHUCH 3 PO3PaxXyHKY OOCIyroByBaHHA MaKCUMAlbLHOIO HaBa-
HTaXeHHs. [loBigoMneHHs, Mo HamifIUAW B IOAMHW HaliGiNbIIOr0 HABAaHTa-
)KEHHA 1 He TepeflaHi KOPUCTYBaueBi, PO3MILIYIOTLCA B HArpoMaKyBauax
LEHTPiB KOMYyTalil i nepefaloTbes B Nepiof 4acy, KON HAaBaHTAXKEHHA cra-
nae.

Mepexka 3 koMyTaui€lo MOBiJOMIeHb Ma€e iCTOTHWH Hefonik, 06yMoBie-
HHWA caMme NPUHUMIIOM TMepenpuioMy: 4ac 3aTPHMKH B Mepexax i3 KoMyTalli-
€10 MOBiOMNIEHb € BETMUMHOIO 3MIHHOIO | HOCHTH BHMAAKOBUI xapakTep. Ha
TPHUBAJIICTb 3aTPUMKH BIIMBAIOThL TaKi OCHOBHI (haKTOpW: [poNyckHa cnpo-
MOJHICTb KaHaniB, WIBMAKOAIA LEHTPY KOMYTallii NOBigoMIieHb (xapakTepuc-
TUKH 1eTepMiHOBaHI) Ta iHTEHCHBHICTE MOTOKY TOBIZOMNEHD, IO HAAXOIUTh
y Mepexy (BelWYMHA BUIAAKOBa). IHIIMH HeROJK — HEMOXKJIUBICTL OpraHi-
3auii aianory Mid KOpHCTyBayaMH vepe3 BifCYTHICTb MPAMOro 3’€AHAHHA
MiX aOOHEHTCHKUMH MyHKTaMMU.
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Komymauia naxemie (packet switching) — nepenani noBizoMmneHHs po3ai-
JAOTHCA HA NMAKeTH OAHAKOBOI AOBXHHM i1 KOXKEH MakeT NepeJacThCs Hesanex-
HO, 5K TiJIbKH 3BiNbHAETBLCA AOCTYNMHUH KaHan 38 a3Ky. Ha npuiimMansHiit croposi
HeoOXiAHO BIIHOBHUTH NOBIJOMJIEHHS, CKOMITOHYBABLLM iX 3 NMAKETiB, NPHAHATUX
y pi3Hi MOMEHTH Hacy i, MOXIIMBO, MO Pi3HUX KaHaiaX 3B’A3Ky.

EkcrniepyMeHTH 31 CTBOPEHHS IMepIUMX KOMI' FOTEPHHX MEPEX Ha OCHOBI Te-
XHIKM KOMYTauil KaHaniB fokasau, 1o Leil BUA KOMYyTaLil He [03BOJIsIE AOCHT-
TH BHCOKOI 3aranbHoi NpomyckHol 3aaTtHocTi Mepexi. CyTb npobieMu nonsrae
B NyJIbCYIOMOMY XapakTepi Tpadiky. Hampuknan, npu 3BepTaHHi 10 BiagaieHo-
ro (ainoBoro cepBepa KOpHCTyBay CIIOYATKy Meperiiilac BMICT KaTalory Lbo-
ro cepsepa, WO CYNpPOBOMKYETbCA Nepeaayeto HeBenukoro obeary aanux. Ilo-
TiM BiH BilkpUBae HeoOXiHHIT (aiin y TeKCTOBOMY pelakTopi, i L1 omepallis
MOJKE CTBOPHUTH JOCHTH IHTEHCHBHHUI OOMIH JaHMMH, 0COOIMBO AKWO (ain mi-
CTHUTH 3Ha4Hi rpadiuni BrmoveHHs, Ilicns BinoObpaxeHHs AEKITBKOX CTOPIHOK
(paiiny KOpUCTYBay JEAKHMI Yac NMpaLtoe 3 HUMH JIOKaNbHO, 110 B3arajii He MoT-
pebye nepenaui gaHux Mepexero. KoediuieHT mynbscauii Tpadiky okpemoro ko-
pucTyBaya Mepexi AOPiBHIOE BIAHOIIEHHIO CepeiHbol IHTEHCHMBHOCTI 0OMiHY
JIaHMMHW 10 MakCHMalbHO MOXITHBOI, Moke cTtaHOBUTH 1:50 abo 1:100. fxwo
JU1s oficaHol cecii OpraHizyBaTi KOMyTaLlilo KaHally MK KOMIT I0TepOM KopHc-
TyBaua i cepBepoM, To OinbHly YacTHHY 4acy kaHas Oyae NMpocToroBaTd i 6yae
HEAOCTYMHUH IHILIMM KOpUCTYBauaM Mepexi.

[Ipy komyTaLil NakeTiB BCi MOBiAOMIEHHs po3OHUBAtOTLCS Y BUXIAHOMY By3-
7l Ha TOPIBHAHO HEBEJIMKI YAaCTHHH, IO Ha3WBalOThCA maketaMd. KoxeH maker
3abe3nevyeThcsa 3arojoBKOM, y AKOMY BKa3yeTbcst aipecHa iHdopmalis, HeoO-
XiHa AJs JIOCTaBKU MakeTa BY3Jy NPH3HAYEHHS, a TAKOK HOMEP MakeTa, KU
fyle BHKOPHCTOBYBATWUCA BY310M [PHU3HAUEHHsS AJ1sl 30MpaHHS MOBiAOMIIEHHS
(puc. 2.8). TlakeTn TpaHCNOPTYIOTbCS B Mepexi SK He3zalexHi iHpopMauiiiHi
Ba0Ku.

KomyTauii nakeriB BnacTuBuil aCHHXpOHHUH crioci6 Mepenaui Ta HagaHHs
KaHaly TUIbKYM 3a HeoOXigHocTi nepenavi nakera. [IpoTe koMyTallist maketiB He
3abe3nevye NOCTABKY MOCAIAOBHOCTEH OJIOKIB JaHKX Y TOUHO BU3HAUEHMH yac.

Mepesxa nepeaayi JaHUX
3aros10BOK f1akeTa
Jhxepeno - By3soun npusHaueHHs
3aronoBOK NOBIAOMIIEHHS

3aronoBok 3aronoBox
= ; a .
= NOBIIOMJICHHS Bd Maxer | [0BIIOMIIEHHS =
]
5 5
=] =
2 3aroJoBOK naxkeTa =
g )
= |1 Taket 2 4l A
) @
] o
= N 3aronoBok makeTa /1 =

\ Maxer 3

PucyHok 2.8 — Po30uTTs noBigOM/eHHs Ha MakeTH
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Ieuaka xomyTauis naketis (Fast Packet Switching, FPS) npunarha as ne-
penadi 6yab-AKUX MOBiZOMIIEHb, 30KpeMa il MOBHHX, Y peanbHOMY vaci.

2.4 lleiiTarpamMuuii Ta BipTyanbHHI NPHHIMIY nepeJati nakeris

V Mepexax 3 KOMYTALi€lO MMaKeTiB 3aCTOCOBYETHCA JBA KAACH MEXaHi3MiB
niepenaui naketie [5]:

— JelTarpaMHa nepeaaua;

— BipTyalbHi KaHany.

INpuknagamu mepesx, WO peanisyloTh AeiiTarpaMHUil Mexadi3m nepeaadi, €
mepexi Ethernet, IP Ta IPX. 3a nonomoroto BipTyanbHHX KaHaniB nepenarnTh
naHi Mepexi X.25, frame relay Ta ATM.

Bipmyanvni 3’eonanna. Y BipTyanbHIl Mepexi, Nepll HK MovaTy nepena-
BaHHsA NakeTiB, aDOHEHTY-OAep>KyBady HANpaBA€Tbes CNyXKOGOBHiT MakKeT, Lo
NpoKnaaae BipryansHe 3’ennaHHs (puc. 2.9). V KoXHOMY By3Ji 1eit nakeT 3a-
JIMIIAE PO3MOPAKEHHS THUILY: MakeTH K-ro BipTyanbHOro 3’€IHaHHSA, 110 Npu-
AM 3 i-ro KaHajly, BapTO HaNpaBiATH B j-H KaHaJl, [0 3alUCYEThCs B Tabau-
uro komyTauil. JiAmoBIIK 10 olepKyBaya, ciy»OO0BHil MakeT 3anuTye B HHOTO
NO3BiN Ha nepeaady, MOBiAOMUBLIH, AKUH 00CAT naM’ATi 3HanOGUTBCA ANA Npu-
AoMmy. SIkiio KoMn’roTep Mae y CBOEMY pPO3MOPSHKEHHI TaKy NaM’sThb | BUTbHNA,
TO TIOCHMNAE 3rofy abOHEHTOBI-BIANMPABHUKOBI (TaKMK Y BUIUIAMAI CrieialibHOro
ciyK00BOro MakeTa) Ha nepejavy NoBigoMIIeHHs. OaepKaBilM MiATBEPIKEHHA,
abOHEHT-BIANpPABHUK MPUCTYNae A0 NepeAadi MOBIAOMIIEHHS 3BHYANHMMU Ma-
ketamu. ITaketn Ge3nepelikoAHO MPOXOAATH OAMH 33 OJHWUM [0 BIPTYalbHOMY
3’cAHaHHIO (y KOXHOMY BY37i iX YeKae iHCTpYKLid, o o6pobaeThes KepiBHUM
KomIT'toTepom). BipTyanbHe 3’e€fHaHHA MOXe iCHYBaTH AOTH, AOKH Bianpasie-
HUI OHMM 3 aOOHEHTIB creuianbHil CayGOBUM NMakeT He 3iTpe IHCTPYKLIT y
By3J1ax. Pexxum BipTyanbHMX 3’eqHaHb e(heKTHBHUI NpU Nepenavi BEIMKUX Ma-
CHBIB iH(poOpMaLii.

Bywon B
: ywin
% N N2 a2

By
N5, AS

Pucynok 2.9 — IpuHuun poGoTH BipTyalsHOTO KaHally




Meiamazpamuii cnocif nepenadi JaHUX OCHOBaHMH Ha TOMY, IO BCi Iepe-
JaHi makeTd oGpoOIAIOTLCS He3anekHO OAMH Bifl OJHOro, IAKET 33 MAKETOM
(puc. 2.10). Lleit pexxum 6inbllt eheKTHBHUI 171 KOPOTKMX MOBIAOMNEHD, WO He
noTpebyroTh JOCHTb T'POMI3NKOI MNPOLEAYPH BCTAHOBJEHHA BIPTYanbHOTO
3’enHaHHs Mk aboHeHTamu. PilleHHS npo Te, AKOMY By3ny MepenaTy Maker,
1110 NPUHLLIOB, NPUIHMAETLCA Ha OCHOBI Tabnuui MapwpyTusauii. ¥ tabauui ma-
pupyTH3auii ans Tiel caMoi ajpecH npu3HaueHHs Moxke OyTH Kifbka 3amucis,
10 BKA3yIOTh, BiINOBIAHO, HA Pi3Hi aApecH HACTYMHOro Mapupyrusatopa. Ta-
Kuil MiaXia BUKOPUCTOBYETLCA AJis MiABMILEHHS MPOAYKTHBHOCTI i HaaifiHOCTI

MEPEKI.
.
o §

TaGiuita
Mapipy THalii R1
Net | Nextiop
N2 |R2
N2 |R3
R2

By

Ni, Al Bywon

N6 A6

Byson
N5.AS

Pucynok 2.10 — [eiitarpaMHuii npMHUMN Nepeaayi nakeTis

By3on koMyTauii HanpaBase oTpUMaHy feliTarpamy B Gik CyMiXHOro By3/a,
MaKkcUMajbHO HabnukeHoro no aapecata. Konu cyMbKHMIA By3071 MiATBEPAXKYE
OZepaHHs MakeTa, By30J KOMyTauil cTUpae ioro y cBoiit nam’ati. Slkwo ninr-
BEP/KEHHS HE OTPUMaHe, BY30Jl KOMyTauil BiIpaBlse nakeT B {HIWIMHA cymixk-
Huif By30s i T. 1., NOKM TakeT He Oyzae mpuitHATHH. Bel By3nu, wo oTouyoTs
AaHMi, PaHryloThes 3a GAM3BKICTIO 4O anpecaTa. [lepiumii panr oaepxye Hai-
Gavokuuii 10 aapecara By30:, Apyruil — Haitbmkuuil 3 iHwux i 1. 4. Tlaket mo-
CHJia€ CTIOYATKY Y BY30J MEPUIOro PaHTy, NpH HEBAAYL — y B30I APYroro paHry
i 7. 1. IcHYIOTB TakoX IMOBIpHIiCHI aJIFOPUTMH, e By30J nepefaul BUOKUpaeThCs
BUMaAKOBO. MOXyTb OyTH pi3Hi WAAXU H BHACTIAOK 3MIHU CTaHy Mepexi, Ha-
NpuKIaz, BIIMOBH MPOMDKHHX MapUIpyTH3aTOPIB.

Y npuknaai Ha puc. 2.10 nakeTH, WO HaAXOAATb Y MapupyTuzatop R1 ans
By3/1a NpU3HaveHHs 3 ajgpecoro N2, A2, 3 meToto OaaHCy HaBaHTaXKEHHA Po3-
TOAINAOTHCA MK ABOMA HAaCTYNMHUMHM MapupyTuzatopamu — R2 i R3, wio 3uu-
KY€ HABAHTaXKEHHs Ha KOKHOTO 3 HUX, 3MEHLIYE Yepru i NPUCKOPIOE 1OCTABKY.

JlefiTarpaMHK1il pesKMM BUKOPUCTOBYETLCA, 30Kpema, B Internet, y npoToko-
nax UDP (User Datagram Protocol) ta TFTP (Trivial File Transfer Protocol).
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2.5 CTpykTypu3auis Mepex

B nepenukux mepexax (10-30 komn’roTepiB) HaliuacTillle BUKOPHUCTOBY-
€TbCs TI€BHA TUIIOBA TOTOJIOTIA — «3arajbHa IUMHA», «3ipkay abo «kinslie». Bei
Ui TOMOMOTIT MAOTh BAACTHBOCTI OHOPIAHOCTI, TOGTO BCI KOMIT'IOTEPH Y Mepe-
XKI MalOTh OJHAKOBI MpaBa Ha NOCTYN 10 iHIWKX KOMI'toTepis. OpHOpiaHiCTL
CTPYKTYPH CIIpOLUY€E HAPOLIEHHS YHMCIa KOMI'IOTepiB, nojermye oGeayrosy-
BAHHA Ta eKCIUTyaTaLlilo Mepexi.

Onnak npy noSyaoBi BENMKUX Mepexk ONHOpiAHA CTPYKTYpa 3B’ A3KiB nepe-
TBOPIOETLCA 13 MepeBary B HeOiK. Y TakMX MepeskaX BUKOPMCTAHHS THIOBHUX
CTPYKTYp MOPOMXKYE pisHi 0OMexeHHs, HaliBXKTHUBIIIMMH 3 AKUX €:

- OOMEeXEHHS Ha IOBKUHY JIiHIl MiX By3namu;

- oOMexeHHs Ha KiJIbKiCTh BY3NiB;

- oOMexXeHHs Ha iHTeHCUBHICTb Tpadiky.

Hns BupimeHHA unx npo6iaeM BUKOPUCTOBYIOTH ClELiabHI METOAM CTPYK-
TypH3alii Mepex Ta crelianbHe o6nagHaHHA:

- nosTOplOBadi (repeator);

- KOHLeHTpaTopu {concentrator, hub);

- wmoctu (bridge);

- KomyTaTopu (switch);

- MapupyTH3artopu (router);

o3y (gateway).

Talce oOnagHaHHA Ha3UBAETbCA KOMYHIKAYItIHUM, OCKIIBKH BOHO NMpH3Have-
He 1714 06’ €HaHHA OKPEMUX CErMEHTIB Mepexi 10 €AMHOTO Uioro.

Po3pizHatoTs [6, 7]:

- mononozito @izuunux 36 s3ki6, TOOTO GI3NUHY CTPYKTYpPY Mepexi.

Kongirypauis  ¢isMyHMX  3B’A3KiB  BH3HAYa€TbCA  ENEKTPHUHMMHU
3’¢IHaHHAMH KOMIT'IOTEpiB, | Moxe OyTH 300paxeHa y BHIIAZi rpada
(puc. 2.11), ne By3namMu € KOMI'IOTEPH Ta KOMyHiKalliliHe oOnagHaHHsA, a peb-
pamu € BLAPI3KHK Kabento, o 3 €AHYIOTh L BY3IH;

Pucynok 2.11 — Tonornoris ¢pisuuHux 38’ s13KiB

- MORnonozit N02INHUX 36 A3KI6, TOOTO JIONiYHY CTPYKTYpPY Mepexi.

Jloziuni 36 ’a3ku — Ue IUIAXU NPOCYBaHHA iHPOPMAUINHUX MOTOKIB MO Me-
pexi. BOHH yTBOPIOIOTBCA 32 paxyHOK BiAMOBIAHOTO HANAITYBAHHA KOMYHika-
LifHOrO 00NagHaHHA.
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B neeHux Buragkax i3uuHa i noriuHa Tomonorii 36iraloThca. B meakux
BUMaaKax — He 36iraroteca (puc. 2.12, 2.13).

®diznuna CTPYKTYpU3ALIA JI0KATBHOT Mepexi

OcHoBHHUMM 3aco06amMu (pi3HUHOI CTPYKTYpH3allil JIOKAJIBHO! Mepexi € mno-
BTOpIOBaYi (repeator) Ta KOHLEHTpaTopH (concentrator) un xa6u (hub) [1].

TToBTOpIOBaY € HARMPOCTIIMM KOMYHiKaLiHUM TIPUCTPOEM, IO BUKOPHUC-
TOBYEThCA ANA (i3HUHOrO 3’€MHAHHSA Pi3HUX CErMEHTIB KaGento JIOKaIbHOI Me-
pesxi 3 MeTolo 36iNbLIeHHs 3aranbHoi 1oBXHHM Mepexi. B MOBTOPIOBAYIB € JIH-
1Ue JBa MOPTH, i CUFHAN 3 OHOTO MOPTY NEPECKEPOBYETHCS Ha THILNIA.

PucyHok 2.12 — ®di3nuHa TONOOrisA «KiNbLEe» Ta NOriuHa «KiabLe»

A B C D E F

. r r [ 1 1

Pucynok 2.13 — di3uuna TOnoJioris 3aranbHa «UMHA» Ta JIOTiYHa «KilbLe»

KOHLIEHTPaTOPOM HA3MBAETBCA MOBTOPIOBAY, WO M€ KiNbka MOPTIB |
3’€fiHy€ Kinbka cerMeHTiB. KOHLEHTpaTop MiCTHTb Ginblly KiNbKiCTh NOPTIB, i
CUrHaM, WO HAAIHIIM Ha OAMH NIOPT, CKEPOBYIOTbCS Ha BCi iHLI NOPTH.

KOHLIEHTPaTOpH € HEeOOXiAHMMU MPUCTPOAMHM MPAKTU4HO y BCiX 6asoBux
MEPEXEBUX TEXHOOTIAX.

JloriuHa cTpYKTypH3auis Mepexi

di3nuHa CTPYKTYpH3allia Mepexki He J03BOJIAE BUPIUIYBaTH MeBHi npobie-
MH, Taki AK Ae(iUMT NPOMyCKHOT 3AaTHOCTI UM HEMOXIIMBICTb BUKOPHCTAHHA B
pi3HMX YACTHHAX Mepesi JIiHii 38’A3Ky 3 Pi3HOI NPOMYCKHOK 3AATHICTIO. Lli
npoGreMu Moske BUPILLMTH JIOriYHa CTPYKTYpU3ailis Mepesxi [4].

Tunogi pisuuHi Tomonorii (3arabHa UIMHAY, «KibLE», «3ipKay) L 00-
MiHy JaHUMM MAIOTb JMIUE €AMHE PO3AINIOBaHEe CEPeNoBHIlE, WO 06’ €AHYyE BCi
Mepeskesi npuctpoi. Hanpuknan, B Mepexi 3araibHa «LIMHA» B3aEMOAiA ABOX
KoM IOTepiB 3afiMae WHMHY Ha BECh Yac OOMiHY, TOMY NpH 36iMblIeHH] KilbKo-
CTi KOMIT'FOTEPiB 3MEHIIYETHCA IPONYKTUBHICT Ta IIBUAKOIS MEPEXxi.
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HacTo TMMOBI TONONOT] BUABAIOTLCA HENPUCTOCOBAHAMM 70 CTPYKTYpH
iHopMaLifHUX MOTOKIB BENMUKOT MEpEKi.

llpuxnao. Hexali Ha ninnpuemcTsi Gyna mpocra 0HOCErMEHTHA Mepexa.
Mo xabemo Gyno nin’eqHaHo BCi KoM’ toTepH nianpuemctea (puc. 2.14). 3 ua-
COM KUJIBKICTh KOMI'IOTEpiB 36iNbIINNACS, MEpeXa BCe HacTilie BUABAANACA 3a-
AHATOIO, KOPUCTYBAa4aM NOBOAMIOCA OBIIE YeKATH BIANOBiAl Bil MepekeBHX
3actocyBaHb. KpimM Toro, mowans mnosHauaTHci OOMexeHHS Ha JOBKHHY
3B’A3KIB MDK KOMI'IOTEPaMM, OCKINbKH BHSABHIOCS HEMOXJIMBHM PO3MIlLEHHS
KOMIT'IOTEPIB B MPUMILUEHHI, IO BUAINEHO A5 HOBOT po6ouol rpymnH.

SHS JBIH JJH 384

Po6oua rpyna 1 Poboua rpyna 2
| L J

Binain 1 Binain 2 Binnia 3

PucyHok 2.14 — TToyaTkoBa OqHOCErMEHTHA Mepexa

Byno npuitHaTO pilueHHs CTPYKTYpU3yBaTH MEPEXKY i 3aCTOCYBATH KOHLCH-
Tpatopu. Ha puc. 2.15 nokasano Mepexy, mo yTBopunacs nicas disuauoi crpy-
KTypu3auii. 3’1BHACS MOXJIMBICTh PO3HECTH KOMII'IOTEpH KOPUCTYBauiB Ha Be-
nuKi BiAcTaHi, i disnuna cTpykTypa Mepexi crana Bianosinary anMiHicTpaTuB-
HoMy ycTpoto nianpruemctsa. [Tpote npoGnemu, WO NoB’A3aHi 3 NPOAYKTHBHIC-
TIO, 3aTUIUNANCA HeBupiweHnMu. Hanpuknan, wopasy, komnu KopucTysau
KOMITIOTepa A Haicunae JaHi A0 Komn'ioTepa B, Bca Mepexa mis iHwmx
KoM 'toTepiB Oyna 3a6/10KOBAHOIO.

Konuenrparop
bl ads

KoHuenrparop

PoGoua rpyna 1 Po6ova rpyna 2

Binain 1 Binain 2 Binain 3
PucyHok 2.15 —~ Mepesxa nicns dizuunoi crpyxTypuzauii

Binnosiano no norikm poGoTH KOHUEHTpaTOpa Kajp, IO HAACHNACTHCA
KOMIT'IoTepoM A 110 KoMm’oTepa B, nosToproeTbes Ha Beix iHTepeeiicax Beix
BY311iB Mepexi. Jlokn koMmm'otep B He oTpumae aapecosanuii 10 HbOrO Kajp,
KOJIEH 3 KOMI'IOTEPIB Mepexi He MoXke MaTH JOCTYN A0 PO3iIOBaHOrO cepe-
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noeuina nepenadi. Omke, BUKOPUCTaHHA KOHLEHTPATOPIB 3MiHMIIO e ¢izu-
YHY CTPYKTYpPy MEpPEXIi, a JIOTIYHa CTPYKTYpa 3aiuiunnacs 6e3 3MmiH.

BupileHHs HaBeleHoi y npuknaal npobnemu nossrae y BiAMOBI Bia inef
€IMHOTO 3arajlbHOro /I8 BCIX BY3JiB PO3/iMIOBAHOTO CEpelOBHLIA.

Hanpuknaag, B naHoMy BHUMagky OaxaHo, o6 Kaapu, ski nepenarTs
xoMm’roTepu Biadiny 1, BUXoaunu 6 3a Mexi L€l YaCTUHU Mepexi nulue y Bu-
NaaKy, KON BOHU NPAMYIOTb 10 KOMI'IOTepiB iHIUMX Biainis. 3 iHworo 60Ky,
B MEPEXY KOXXHOFO 3 Bi[UAiNIB MOBUHHI NMOTPAMIATH JMLLE Ti KaJpH, IO aqpeco-
BaHi 710 BY3/iB Li€i Mepexi. TakiM UMHOM, B Me)KaX KOXHOIO BiJlAiTy BUKOpHC-
TOBYETBCS OKpEME «BJIaCHE» PO3JITIOBaHe CepeloBHLIE.

Joziuna cmpykmypusauia mepexci — e Npowuec MoJiny Mepexi Ha JIOTi4Hi
CerMeHTH, AKi ABNAIOTh cOGOI0 CaMOCTIliHI PO3aiNOBaHi cepenoBulLa (cerMeHTH
MEpEexKi) 3 MEHLIOK KiIbKICTIO BY3J1iB.

3a npaBUNBHOT JOTIYHOT CTPYKTYpH3allil Mepexi il MPOAYKTUBHICTb CYTTERBO
NiABULLYETLCS, OCKIIBKH KOMI'IOTepH OJHOTO BiIILY He OYiKYKOTH B TOH 4ac,
KOJIM KOMIT'I0TepH IHILOrO Bifdiny nepeaaroTs JaHi. Takox noriuHa cTpyKTypH-
3allis J0NYyCKae HasBHICTb Pi3HOI MPOMYCKHOI 3JaTHOCTI B PI3HWX CerMeHTax
Mepexi.

[TowmmpenHs Tpadiky, L0 MpU3HAUEeHUH AT KOMIT FOTEPIB MEBHOrO CerMeH-
Ta MEpEexXi, JIMLIe y MeXax UbOro CerMeHTa Ha3UBAETbCA TOKATISAYIEI0 MpagiKy .

Jns noriuHoi cTpykTypu3auii BUKOPMCTOBYIOTb: MOCTH, KOMYTaTOpH, Map-
LIPYTU3aTOPH, LLUTEO3H.

Omxe, MicT i30/mo0€ Tpadik OAHOTO cerMeHTa Bix Tpadiky iHIIOro i niaBu-
ly€e 3arajibHy NMpOAyKTUBHICTb Mepexi. Jlokanizauis Tpadiky He nuiie ekoHo-
MUTb NPONYCKHY 3[aTHICTb, ajle | 3HUKYE MOXKIIMBICTb HECAHKULIOHOBAHOTO J0-
CTYNy 10 JaHHX, OCKINbKW KaJpu He BUXOIATH 32 MeXi CBOro cermesTa i ix
CKJIaJiHille NePEXONUTH 3TOBMUCHHUKOBI.

Ha puc. 2.16 nHaBeneHo Mepexy, AKy 6y/0 OTPUMaHO 3 Mepexi 3 LeHTpasb-
HUM KOHLEHTpaTopoM (MonepeaHii NpHUKNan) HINAXOM HOro 3aMiHW MOCTOM.
Mepexi Biaainis | i 2 cknazaroThCa 3 OKPEMHUX JIOMYHUX CErMEHTIB, @ Mepexa
RiAAUTY 3 — 3 JBOX JIOTIUHHX CErMEHTIB.

Bigain 2

Po6oua rpyna | PoGoua rpyna 2

PucyHok 2.16 — Mepexa micis JIoriuHol CTpyKTypu3auii
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KoxeH noriynnii cerment Ha puc. 2.16 noGyn0BaHo Ha Ga3i KoHUeHTpaTo-

pa. Bin mae npocty disnuny cTpykTypy, sika YTBOpeHa BiJpizkamu kabeto, mo
MIEAHYIOTh  KOMITIOTEPH 10 TNOPTIB  KOHLEHTparopa. Skiio KOpHUCTYyBaY
KoMI’roTepa A Haxacunae gaui mo KOMI’1oTepa B, wo 3HaxoauThea B oaHOMY 3
HUM CerMeHTi, TO Ui faHi GyAyTh NOBTOPeHi nuwe Ha MepexeBHX iHTepdeiicax
iX 3aralbHOroO CerMeHTa.

€nuHe poanimoBaane CCPENIOBULIEC 3a AOITOMOTrOK MOCTa NepeTBOpEHE Ha

HOTHPpH p0311imoaa1—mx cepenoBrLla.

o0

10.
1.
12.

]'s

15.
16.
17.

18.
19.

20.

21.

I

14.

KouTrpoabui nuranus

Ilo Taxe Tononoris mepexi? Hasenits Haii6inbL NOIIMPEHi TUIHM TOMOMO-
rii.

OxapakTepusyiTe TONOOriI0 «3aranbHa muHay i HaBeAITh NPUKIAAN BU-
KOpPUCTaHHSA 1aHO1 TOIOJIOTI].

OxapakTepusyiiTe TOMonorito «KinbLe» i HaBeniTs TIPUKJIAZIH BUKOPHCTAH-
Hs1 1aHOT TOIIOJIOTIY.

OxapakTepusykre TONoOTiIO «3ipka» i HaBediTh [IPUKIAAW BUKOPUCTAHHS
NaHoi Tonoaorii.

o Take MeTon mocTymy i Ak BrUIMBaE MeTox AOCTYIy Ha repenavy NaHuX y
Mepexi? SIki icHyI0Th MeToM foCTY Y ?

OxapakTepusyiite MeTox AOCTYNy i3 NPOCIYyXOBYBaHHAM Hecy4ol H 103B0JIOM
KOJI3i.

Ipu sxomy meromi moctyny o6uasi cTanuii MOXYTb OJHOUYACHO MOYATH repe-
Aady Ta yBiliTy B KOHpITIKT?

V SKHX MepeKeBUX TEXHONOTiAxX BHKOPUCTOBY€ThCS MeTon CSMA/CD?
OxapakTepusyiiTe MeTox n0cTymy 3 noaiom Yy 4aci il nepesiite, B AKUX Bu-
NagKkax BUKOPHCTOBY€ThCA TAHUIT METOI.

OxapaxTepusyiire feTepMiHOBaHi MeToau JOCTyITy.

o Take mapkep?

Y skomy BUNanky po6oya CTaHuis Moxke mouyaTu nepenady AaHWX NPy BUKO-
PUCTaHHI METOLY OCTYNY 3 Niepenayero Mapkepa?

OxapakTepusyliTe MeTox n0cTyny 3 nepeaavero Mapkepa.

OxapakTepusyiiTe BUNaAKOBHII MeTOR AOCTYITy.

OxapaxTepusyiiTe KOMyTaLifO NOBIAOMNEHD.

OxapakTepusyiiTe KOMyTaLilo nakeTis.

Ipogenite nopiensnshy XapaKTEPUCTHKY MEPEX 3 PISHHMM THUMAMH KOMYTa-
uii.

Posxpuiite cyTs nefitarpamuoro NPUHUMITY iepesayi nakeTiB.

AxuM umHOM BinGyBaeTbCA Nepemaua nakeTis B Mepexax 3 BipTyalbHHMH
KaHanamu?

TIoACHITH, 3 AKOIO METOK BUKOHYIOTH CTPYKTYPH3aUIlO KOMIT'IOTEPHUX Me-
pex. HaBenite nepesaru ta Hegoniku CTPYKTYpH3aLi.

B yomy nonsrae ¢pizuyna ta noriuna CTpYKTypu3auis Mepexi? HaBenits Bi-
ATMOBIIHI NPUKIAN Ta NOSICHEHAS.
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3 BATATOPIBHEBUM MAXIA A0 MOBY10BU KOMITIOTEPHUX
MEPEX

3.1 lporokoan. InTepdeiic. CranaapTHi cTeKH KoMyHiKauifiHux npoto-
KOJ1iB

OpraHizalis B3a€MOAII MK MPUCTPOSIMU B MEPEXi € CKIaAHOI 3a/ayeto,
A1 pO3B’s13aHHS AKOT BUKOPUCTOBYEThLCS YHIBEPCATIBHUI ITPUHOM A€KOMMO3ULIT
— po36uTTa OAHIET ckNanHOT 3a4adi Ha npocTii 3agavi-Monyii. [Ipy uboMy Ba-
PTO 4iTKO BU3HAUUTH (PYHKUIT KOXHOFO MOy, sAKi BUPILIYIOTH OKpEMY 3a/a-
4y, Ta iHTepeiicie Mk HUMH. B pesynbTarTi gocAracTbCs forivuHe CHPOILEHHS
3a7aui Ta 3’ABNAETHLCH MOXKIMBICTL MOAW(IKaLil OKpeMux MoAyniB 6e3 3miHn
IHWOT YACTUHU CUCTEMHU.

[py nexoMno3uuii 4acTo BHKOPUCTOBYIOTH GaraTtopiBHeBMH miaxig. Bid
TIO/IAraE B TOMY, WO BCIO MHOXXHHY MOJIYJIB po30MBalOTH Ha piBHI, siKi yTBO-
ptotoTh iepapxito. KoxkeH piBeHs chopMoBaHMit Tak, IO [Ji1 BUKOHAHHA CBOIX
3a/ia4 BiH 3BEPTAETbCA i3 3aMUTOM TIIBKU JI0 CBOIX CYCIZHIX MOMYIIB, 110 po3-
TaloBaHi Ha piBeHb BHULUE Ta Hik4e AaHoro. Takuil GopmanbHO BU3HAYEHHMIT
Hablp ¢yHKLIA pasom 3 opMaTaMi MOBIOMIIEHB, AKUMH OOMIHIOIOTBCS CyCin-
Hi piBHI, HasUBaeThCA iHmepeiicom. DopMmanizoBaHi npaBuia, WO BU3HAYAIOT
NOCMIIOBHICTb i opmaT NOBiAOMIEHB, AKUMH OOMIHIOKOTBCS MepexkeBi Komro-
HEHTH, IO NEXaTb HAa OJHOMY PiBHI, ajle B Pi3HUX By3JIaX, Ha3UBalOTHCA HPo-
moxonamu [7].

lepapXiyHo opraHizoBaHa CyKYMHICTB MPOTOKOJIB, IO PO3B’A3YIOTH 33424y
B3acMOZIT BY3J1iB Mepesxi, Ha3UBAETbCA CHIEKOM KOMYHIKAUIUHUX HPOMOKONIE.

Icnye mocuth 6arato cTekiB MPOTOKOJIB, WO WIMPOKO 3aCTOCOBYHOTbCH Y
mepexax. Lle i cTeky, 10 € MDKHAPOJHUMU il HAaUiOHANBHUMM CTaHAapTaMHU, i
(bipMOBi CTeKH, L0 OAEPKATU NOWNPEHHS 3aBAAKH MOLMPEHOCTI YCTATKYBAHHS
Tiel abo iHwol ¢ipmu. [NpHknagaMu MoNymspHUX CTEKIB MPOTOKONIB € CTek
IPX/SPX ¢ipmu Novell, crek TCP/IP, 1o BukoprcTOBYeTHCS Y Mepexi Internet
Ta y 6araTtbox Mepexax Ha OCHOBi onepauiiitoi cuctemn UNIX, crex OS] mix-
HapojaHoi opraHizauii 3i cranaaptuzauii, crek DECnet kopnopauii Digital
Equipment Ta meski iHuui.

3.2 Eranonna Moaenb B3aemodii BiakpuTux cucrem ISO/OSI

[ns €aAMHOro MOAaHHA AaHMX Yy MEpeXax 3 HEOAHOPIAHWMU NPUCTPOAMM Ta
fIporpamMHuM 3abe3neveHHsM MIXXKHApOAHA opraHisauif 3i craHgaptusauil 1SO
(International Standardization Organization) po3poGuia 6a30By MoA€eNb 3B’ 43Ky
Binkputux cucrem OSI (Open System Interconnection) [1, 4, 6]. Lla moaens
OIIMCYE MpaBuia i NpoueaypH Mepefadi B pi3HUX MEepeKEBUX CepeaoBULLAX [1pH
opraHizauii ceaHcy 38’sa3Ky. OCHOBHMMMU eJleMeHTaMu MOJedi € piBHi, npuknan-
Hi npouecu Ta ¢isnyHi 3acobu 38’a3ky. Ha puc. 3.1 HaBeneHo cTpykTypy 6azo-
soi mogeni. Koxen pisens mogeni OSI BukoHye neBHe 3aB/iaHHA B NPOLEC Me-
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penaui 1anux Mepexero. bazosa MOENb € OCHOBOW I po3pobku MepekeBHx
npotokonis. OSI noninge komynikauitini dyHkuii B MEpexi Ha CiM piBHIB, KOX-~
HU#i 3 AKMX 06CITYroBye pi3Hi HacTHHK 06acTi B3aeMouii BiIKPUTHX CUCTEM.

Kopucrysaui IHTepdeiic
| KOpuCTyBava
| 1] T T T T
. MpuknagHwit
MpwknagHi npoueck . .
4p Al npou I iHTepdeiic
l v 7 N
PiBHi: 7 Npuknapnui .
O6nactb B3acmogii
6 MpeacTaBHULBKNIA BiAKPUTUX CUCTEM
5 CeatcoBuit
4 TpaHcnopTHuin
3 Mepexesuit
2 KaHanbHuit
1 Pisnynuii
y

®i3nyHi 3acobu 3'eqHaHHSA

Pucyrok 3.1 — Mogens OSI

Mogene OSI onucye Tinbku cucremui 3acobu B3a€MO/ii, He TOPKaIOUYHChH
JI0/IaTKiB KiHLEBUX KopucTyBadiB. [Iporpamu peanisyloTh CBOi BIacHi NpoTOKO-
/I B3a€EMOJIIT, 3BEPTAIOUUCH IO CHCTEMHHX 3ac0GiB. SIKIIO HOATOK MOske B34TH
Ha cebe (yHKuii neakux Bepxmix pisuis Mogeni OSI, to qis 0OMiHy AaHuMU BiH
3BEPTAETHCA OE3MOcepeHbO 10 CHUCTEMHUX 3aco6iB, 110 BUKOHYIOTb (pyHKUIT
HIOKHIX piBHIB Moaeni OSI.

Mogens OSI MoxHa posginuTu Ha nBi pisHi Mozeni, sk nokasaHo Ha
puc. 3.2:

— TOPU3OHTaNbHY MoJeNnb Ha 6a3i NpoTokonis, wio 3abesneuye mexaHism
B32€MOIIT POrpam i MpoLeciB Ha Pi3HUX MalIUHAX;

— BEPTHKAIEHY MOZENb Ha OCHOBI MOCAYT, IHO 336e3neuyoThes CyCiaHiMu
PIBHAMM Ha OOHIN MalIHHI.

Koxen pisens komn’roTepa-ianpasuuka Bzaemomic 3 Takum ke piBHEM
KOMII’0Tepa-04epKyBaUa, HibM BOHM NOB’s3aHi Gesnocepenrso. Takuit 38" 130K
HA3HBAETBLCA JIOTIMHUM M BipTyankHuM 38°s3koM. Hacnipassi B3aemonis 3nikic-
HIOETbCS MK CYMIKHUMU PiBHAMH OZHOTO KOMI'toTepa.
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Komm’otep-BianpaBHuk Komn’1oTep-oaepxybay

Bipryamhuit

% 3B’ 830K %
———

IIpuknagHuit | IMpuknaaHuit ;

| TpencrapHuubxui

| Ceanconuit

| Tpaucnoprauii | |

| TpencraBHuUbKMI

([ |

|
I L nl

dizunne cepenosutie [ I

Pucynok 3.2 — Cxema B3aeMoii koM torepis y 6a30Biii etanoHHii moaeni OS]

Omxe, iHdopmaLis Ha KOMN'IOTepi-BiANPaBHUKY MOBHHHA MPOHTH 4Hepes
Bcl piBHi. [ToTiM BoHa mepegaeTbes 3 Pi3MUHOrO cepeJoBHUILA 0 KOMIT 10Tepa-
0JepXyBaya i 3HOBY NPOXOAUThL KPi3b BCI PiBHI, MOKH HE NOXOAMTH A0 TOrO X
piBHSA, 3 AKoro BoHa Oyna HajicnaHa Ha KOMIT OTepi-BiANPaBHUKY.

Y ropuzoHTanbHii Mojeni noTpibeH 3aranbHUil APOTOKON AJA oOMIHY Aa-
HUMU. Y BEepPTHKaILHOT MOJENi CYCifHI piBHI OOMIHIOIOTBCS JaHUMM 3 BUKOpPHC-
TaHHAM iHTepdeiicie npuknagHux mnporpam API (Application Programming
Interface).

[Tepen nonaveto B Mepexy laHi po3duBaloThCs Ha nakemu (packet) — ue
oauHunus iHdopmallii, Wo nepenaersca Mk cTaHiismu Mepexi [8]. [pu Bianpa-
BJIEHHI [JaHMX MakeT MPOXOAMTH MOCHIIOBHO Yepe3 BCi piBHI NporpamHoro 3a-
GesneuenHs. Ha koxHoMy piBHI 0 NakeTa A0JAacTbCsl KepiBHA iH(opmalis na-
HOro piBHA (3aro/oBoOK), Aka HeoOXiJHa ANi YCHIMIHOI Mepejayi AaHUX Mepe-
Kelo, AK 11e [T0KazaHo Ha puc. 3.3, ne 3ar — 3aronoBok nakeTa, KiH — KiHLEBUK
nakera.

Ha cTopoHi ofepxyBaya MakeT MPOXOAUTh Yepe3 BCi PiBHI B 3BOPOTHOMY
nopsaky. Ha koxxHoMy piBHI mpoToKoN yuTae iHpopmauito nakera, BUAAIIE iH-
dopmaltito, 1oaaHy [0 MakeTa Ha LIBOMY 3K PiBHI, | Tepeliac MakeT Ha HacTYMHUH
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piBeHb. Komm naxeT aifime no npuknagHoro pisHsA, Bca kepyroua iHpopmauis
Oyze BunaneHa 3 makera, i naHi HaGyayTb CBOTO MEPBUHHOIO BUTIIALY.

Naker

7"° pigHa 3ar7 | flawi | Kin7
S

Maket 77 yposha 1]
6% pisun 3ar6 | 3ar7 | [Kin7 [ Kin6

S ————
Naker v DaHi 6" yposHsa )
5° pisHn 3ar5 | 3ar6 [3ar7] [Kin7 [Kin6 | Kins
Naker v Dani S“ﬁy'posnn v
47 pismn 3ar4 | 3ar5 | 3ar6 | 3ar7 | [Kin7 [Kin6 [ Kin5 | Kind
Naket v Aani 4’%08»-13
3" piena 3ar3 [3ard [3ar5 [3ar6 | 3ar7 [ Kin7 [Kin6 [ Kin5 | Kind | Kin 3
Maket PETCIN
2" pigra v HAaxi 3 yposha Y

3ar2 | 3ar3 [3ar4 [ 3ar5 [ 3ar6 | 3ar7 [Kin7 [ Kine [ Kin5 | Kind | Kin3 | Kin2

T’iKei:Mﬂ Dani 27 yposna v
3ar1 | 3ar2 [ 3ar3[3ard4 [ 3ar5 | 3ar6 | 3ar7 | [ in7 [Kin6 [ Kin5 [ Kind [ Kin3 | Kin2 | Kind |

Aani 1 pisHa

Pucynok 3.3 — GopmyBanHs naketa KOXHOrO piBHS CeMMPIBHEBOT Mozei

KoxeH piBeHb Mosieni BUKOHye cBOO (yHKILi0. YuM Bulie piBeHb, TUM
CK/afHille 3aBaHHs BiH BUpiltye. OkpeMi piBHi Moaeni OSI 3pyuno po3srnana-
TH AK Ipynu Oporpam, NMPU3HAUCHWX MV BMKOHAHHA KOHKPETHMX (YHKLUiil.
Onun piBenb, HanNpuKnaz, BiANOBINA€ 3a 3a6e3Ne4eHHA MePeTBOPEHHS AAHMX 3
ASCII 8 EBCDIC i MicTuTs nporpamu, Heo6XiaHi 418 BHKOHAHHSA UbOro 3a-
BJIAHHS.

Koxen pisens 3abesneuye cepsic A/1s BUILOTO PiBHSA, 3aMUTYIOUH, B CBOIO
Uepry, CepBic y Hmxuoro pipHa. [TpakTHuHy peanisalliio NpUHUMMIIB agpecauif
JlaAHUX MOKJAAEHO HA HUXKHI piBHI.

Posrnanyra monenb BU3HAaYa€ B3a€MOAIIO BIAKPUTHX CHCTEM Pi3HMX BUpOO-
HWKIB B OJIHIi Mepexi, TOMy BOHa BUKOHY€ IS HUX KOOPAMHYBANbHI il OA0:

— B3aEMOJIT NPUKNAJHUX [IPOLECIB;

— (opM NoJaHHs JaHHX;

— OJIHAKOBOro 30epiraHHs JaHuX;

— KepYBaHHsi MEpPEeKEBUMH pecypcamu;

— Gesnexn nanux Ta 3axucty iHpopmauii;

— AIarHOCTHKM NPOrpam i TeXHiuHMX 3acobiB.

3.3 PiBni moaeni OSI

3.3.1 Ipuxnannuii pisens (Application layer)
Ilpuknannui piBeHs 3aGesneuye NpUKIATHMM MPOLECAM 3aco6H JOCTYMy
0 06J1aCTi B3aEMOAIT, € BEpXHiM (CHOMHM) piBHEM i GesrocepeiHbO Mac BifHO-
WIeHHs [0 mpukiaaHux mpouecis [4, 8]. Hacnpani npuknagnuii pisens — ue
HaGip PI3HOMaHITHUX NPOTOKOMIB, 33 JXOMOMOFOK SKHX KOPUCTYBaul Mepexi
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OTPUMYIOTH JOCTYIT IO PECypCiB, TakuX AK daiyin, NMpuHTepH abo rinepTekcToBi
Web-cTopiHkH, a TaKOK OPraHi30OBYIOTH CBOIO CIifIbHY poOOTY, Hanpukiaz 3a
JOTIOMOrOI0 NPOTOKONY eleKTpOoHHOI nowTH. CrelianbHi eneMeHTH NpuKial-
HOro cepaicy 3abe3neuyioTb CepBic 11l KOHKPETHUX MPUKIAAHUX NpOrpam, Ta-
KHX SIK MpOrpaMu nepecunaHHs ¢ainis i emynauii Tepminanis. Skuio, Hanpu-
Knan, mporpami Heo6xigHo nepecnatd (aitnmy, To 060B’A3K0BO Oyle BUKOPHC-
TaHWil MpOTOKOA mepeaavi, JOCTyny Ta ynpasniHHA daiinamu FTAM (File
Transfer, Access and Management). ¥ moaeni OSI npuknanna nporpama, sfkii
noTpiGHO BUKOHATU KOHKpETHE 3aBNaHHsA (HanpHKiaa, OHOBUTH 6a3y HaHUX Ha
KOMM'I0Tepi), Mocuaae KOHKPETHI AaHi y BUIMANI JedTarpaMy Ha NPHKITAAHUNA
piBeHb. OHEe 3 OCHOBHMX 3aBlaHb L1bOTO PiBHA — BH3HAYHUTH, K BapTo 0Opoo-
JAATH 3aMUT MPUKIAAHOT NporpaMu, IHUIMMH CIOBaMH, AKMHA BHIIIAI TOBHHEH
MAaTH LieH 3amuT.

OnvHULA AaHKX, KOO ONepye NPUKIAJHUA PiBeHb, HA3UBAETLCA MOBIAOM-
NeHHAM (message).

[TpuknaaHUi piBeHb BUKOHYE TaKi (yHKLII:

— onuc Gopm i MeTO/1iB B3a€MOAIT MPUKIIAAHHUX MPOLECIB;

— BUKOHaHHA Pi3HUX BUIIB pobiT: nepenaBanHA (aiiiiB, kepyBaHHs 3aBaH-
HAMM, KEPYBaHHS CHCTEMOIO TOLLO;

— igeHTHdiKaLid KOPUCTYBaYiB 3a IX MapoJIIMH, aJpecaMH, €IeKTPOHHUM
NiANUCOM;

— BH3HAueHHs GYHKUIOHYIOUNX aBOHEHTIB i MOXKJIIMBOCT] JOCTYIY JI0 HOBHX
NPHKIIJHUX NPOLIECIB;

— BH3HAYEHHs JOCTaTHOCTI HasABHHUX PECypCiB;

— Oprasizauis 3armuTiB Ha 3’€THAHHA 3 IHIIMMU MTPUKIAJHUMH NIpOLIECaMH;

— repeziayua 3asBOK NpeICTaBHULUBKOMY PiBHIO Ha HEOOXiHI MeToIyu onucy
iH(opMaLiT;

— eubip Npoueayp NIaHOBAHOTO AiAJOTY MPOLECIB;

— KepyBaHHs JaHHMH, IKMMH OOMIHIOIOTECA MPHKIIALHI NPOLECH, Ta CHHX-
poHIzaLis B3aeMOJIT MPUKNATHUX MPOLIECiB;

— BU3HAUEHHs AKOCTI 0OC/IyroByBaHHsA (4acy AOCTaBKM OJIOKIB AaHMX, HO-
MyCTUMOT YaCTOTH MTOMUIIOK);

— Yrofia fpo BUIPABNeHHs TOMHIIOK | BU3HAYEHHS AOCTOBIPHOCTI 1aHHX;

— Y3ro/okeHHs OOMekeHb, HaKNaIeHUX Ha CHHTakcHuc (HabopH CHMBOIIIB,
CTPYKTYpa JaHHX).

3a3HavueHi QyHKUIT BU3HAYAIOTE BUOM CEPBICY, AKi MPUKIAJHUN piBEHb Ha-
Ja€ TIpUKITaJHNUM MpouecaM. KpiM 1boro, npykiafHuil piBeHp nepenae npukia-
IHUM MpolLlecaM CepBiC, IO HAagaeTbC (i3MYHHUM, KaHAIBHUM, MEpEXeBHM,
TPAHCIIOPTHUM, CEaHCOBUM I MPEACTABHULILKUM PiBHAMMU.

Ha npuknagHoMmy piBHi He0OXiHO HagaTH B PO3HOPSAKEHHS KOPUCTYBAYiB
BXe TNepepodnieHy iHopMauio. 3 UM MOXE CIIPaBUTHCA CHCTEMHE | KOPHCTY-
BaLbKe MporpamHe 3a0e3neveHHs.
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llpuknansuii piseds Bignosinae 3a AOCTYT NOJATKIB B Mepexy. 3aBJaHHsA-
MU UBOTO PiBHA € MepeHeceHHs (Baiilie, O6MiH MOWTOBAMMU MOBiJIOMITEHHAMH i
YOPaBJIiHHA Mepexero.

Mo uncna HaiiGine nommpennx TMPOTOKOIIIB BEPXHIX TPBOX PiBHIiB BisHO-
cateea [1, 6]:

— FTP (File Transfer Protocol) — nporokon nepenaui daiinis;

= TFTP (Trivial File Transfer Protocol) — waiinpoctiwmii npotokon nepe-
CUJIaHHA (aiiis;

— X.400 — enextponHa Mo1NTa;

— Telnet — poGora 3 Biganenum TEPMiHANOM;

~ SMTP (Simple Mail Transfer Protocol) — npoctuit npotokon nowrosoro
06MiRy;

— CMIP (Common Management Information Protocol) ~ saransnuit nporo-
KON ynpaeiHHA iH(popmaLieo;

— SLIP (Serial Line IP) — IP ans nocnizoBHuX NiHiii. Iporokon nocninoe-
HOT MOCUMBONBLHOT Nepefiayi JaHuX;

— SNMP (Simple Network Management Protocol) — npocruit npotokon me-
pexeBOro ynparJiHHs;

— FTAM (File Transfer, Access, and Management) — nporokon nepenaui,
JOCTyITy Ta ynpasiHHA ¢aiinamu.

3.3.2 Pisenn noganns nanux (Presentation layer)

PiBeHb noganus naHux aGo NpeACTaBHULBKIH piBeHb NOJAE NepenaHi gaHi
MDK NPUKJIAAHMMKM NpOLEecaMu Yy noTpibHii dopmi. Lleit pisens 3abesneuye Te,
Lo iH(opMmaLlis, nepesaHa NpUKIAIHUM piBHeM, Gyne 3pozymina NpUKNAIHOMY
PiBHIO B IHIWIMH cucTeMi. Y BUMagkax HeoBXiLHOCT piBEHb MOJAHHA B MOMEHT
nepenayi indopmauii BUKoHYe NIEPETBOPEHHA (OPMATIB NaHUX B MEBHHii 3ara-
NbHUH QopMaT NoAaHHA, a B MOMEHT npHiiomy, BIZIMOBI/IHO, BUKOHYE 3BOPOTHE
MepeTBOpeHHA. TakuM YMHOM, NPUKIaaHi PIBHI MOXYTh MOONATH, HaNpUKaz,
CHUHTAKCUYHI BiAMIHHOCTI B MoaaHHi aanux. Taka CUTYyalis MOXe BUHMKHYTH B
NOKAbHUX  OCUMCIOBANLHUX MEpPeXaX 3 HeONHOTHITHAME KOMI IoTepaMu
(IBM PC 1a Macintosh), sikum Heo6xinHo o6MiHIOBATHES nanumu. Tak, B nomsx
6a3 maHux iHdopmallis noOBUHHA OyTH nonaHa y Burnaai 6yxs i wdp, a yacTo i
y BUrIAN rpaditHOro 306paxeHHs. O6pobnaty x ui aani HeobXiaHo, Hanpu-
KN1azi, AK YMCna 3 pyXoMoro Kparnkoro [9].

B ocHOBY 3aranbHoro nojaHHa maHWX nMoknageHa €qUHa 1 BCiX piBHIB
Mopeni cuctema ASN.1. Il1 cucrema CIyrye LNl OMUCYy CTPYKTYpH Gaiinis, a
TaKOX A03BOJIAC BUPILUMTH npoGneMy wudpyBanHs aauux. Ha LUbOMY piBHi
MOXE BUKOHYBATHCA WN(BPYBaHHA i NelundpyBaHHs AaHKX, 3aBAAKH SKUM Tae-
MHICTb 0OMiHY laHHMHK 3a6e3neuyeTbes BiZpa3sy 17151 BCIX NPUKTALHNX cepBiciB.
[puknagom Takoro npotokomy e npotokon Secure Socket Layer (SSL), sikuit
3a0esreuye ceKpeTHUIt 06MiH MOBiZOMEHHAMH ans NPOTOKONIB NPHKIAAHOrO
piBHa creka TCP/IP. Lleit pisenp 3abe3neuye nepeTBOPeHHs JaHUX (koayBaHHs,
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KOMIIpPECis TOLIO) MPUKNAJHOTO PiBHA B MOTIK iH(opMaLil 1isi TPAaHCHOPTHOFO
piBHA.

IIpeacTaBHULIbKHII piBEHb BUKOHYE TaKi OCHOBHI (yHKLII:

= reHepauis 3anuTiB Ha BCTAHOBJIEHHA CEAHCIB B3a€MOIIT NPHKIAAHUX MPO-
LeCiB;

— Y3roJUKEHH: MOAAHHA JaHUX MK MPHUKIaJHUMH MpoLiecamu;

— peanizauis GOpM NMOAAHHA JaHUX;

— nojaHHs rpadivyHoro Matepiany (KpecieHb, pUCYHKIB, CXeM);

— 3aceKpeyuyBaHHA JaHUX;

— mepejaya 3afyTiB Ha MPUITHHEHHs CeaHCIB.

[Ipotoxonn piBHA NMOAAHHA NAHHUX € CKITaJOBOK0 YACTHHOK [POTOKOIIB
TPbOX BEPXHIX pIiBHIB MOJeNI.

3.3.3 Ceancosuii piBenn (Session layer)

CeaHcoBHi1 piBeHb — L& PiBEHb, L0 BU3HAYAE MPOLEAYPY MPOBEAEHHS cea-
HCIB MK KOpHCTYBau4aMu abo NpUKIAAHNMU POLECaMH.

Ceancosnii pisenb 3abesneuye KepyBaHHA AIANOroM Afs Toro, wob gikcy-
BaTH, AKa 31 CTOPIH € aKTHBHOIO B JJaHUH MOMEHT, a TaKOX HaJae 3aCOOH CHHX-
poHizauii. OcTaHHi A03BONAIOTE BCTABIATH KOHTPOJIbHI TOUKH B JOBI nepeaaui,
o6 y pasi BIAMOBU MOXHA Oy/10 MOBEPHYTUCS Ha3ad 10 OCTaHHBO! KOHTPOJIb-
HOI TOUKHM, 3aMiCTb TOr0, 1100 MOYHHATH Bce cnovatky [4].

Ceancosuit piBeHb Kepye nepenauero iHGopmauii Mk ApUKNaAHKUMH TPO-
LlecaMM, KOOpAMHYE NpHiioM, nepeaady i BUAady OQHOTO ceaHcy 3B’sa3Ky. Kpim
TOTO, CEAHCOBHMH PiBEHb MICTUTh HOJATKOBO (YHKUII KepyBaHHsA NMApOJSMH, Mi-
ajlorom, CHMHXpOHI3alUii Ta ckacyBaHHs 3B’A3Ky Mid 4ac nepenadi nicas 36010
BHACJIIIOK MOMUIIOK B HWKHUX PiBHAX. DYHKUIT UBOro piBHs MOJAFaIOTH y KO-
OpAWHALIT 38’A3Ky MiX JBOMa NPHMKIAAHUMM MPOrpaMaMH, WO NpauforTh Ha
pisHuX pobounx craHuisx. Le BinGyBaeTscs y BUrsAni 1o6pe CTpyKTYpOBaHOTO
nianory. V uncno umx ¢yHKUiH BXOANTH CTBOPEHHS CEAHCY, KEPYBAHHA Mepe-
Aauero | NpuitoMoM MaKeTiB NOBiIOMIEHb il 4ac CEaHCY | 3aBepLICHHs CEaHCy.

Ha ceancoBomy piBHI BM3Ha4aeThCA, AKOO Oyfe Mepenaya Mix ABOMA Npu-
KITaJHAMU MTPOLIECAMH:

— HamiBAyIIeKCHOW (npolecy GyayTh NepeaaBaTH i NpUMaTH AaHi 1o ye-
p3i);

— OynneKcHow (MpolecH NnepeaaBaTUMYTh OaHi Ta MPUIMATHMYTh X OAHO-
YACHO).

VY HaniBIynnekcHOMY pexXHMi CEaHCOBHH pIBEHb BHIAE TOMY MpOLECY,
AKUH MOunHae nepeaavy, Mapkep gaHux. Komu apyromy mpouecy Hacrae gac
BIANOBIZATH, MapKep NaHHX repenactbes ioMy. CeaHCOBMH piBEHb NO3BOJAE
nepenavy JaMuie Tifl CTOPOHI, sKa Bonolie MapkepoM JaHMX.

CeaHcoBuii piBeHb 3a0e3neuye BUKOHAHHS TakuX GyHkuiil [6]:

~ BCTAHOBJICHHS | 3aBEpILEHHS Ha CEaHCOBOMY PIBHI 3’€[HAHHA MIX B3ae-
MOZIFOUMMU CHCTEMAMM;
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~ BUKOH2HHA HOPMaJIbHOTO i TEPMiHOBOro 0OMiHY JaHUMM MiX NpuKIaz-
HHUMM NPOLIECAMHU;

— KepyBaHHs B3a€MOJIEI0 MPUKIAIHNX MPOLIECiB;

— CMHXPOHI3aLis CeaHCOBHUX CIOJYK;

— TIOBIIOMJIEHHs NMPUKIIaJHKUX MPOLIECIB PO BUHATKOBI CUTYyaLil;

= BCTAHOBJIEHH: B MPUKJIAAHOMY MPOLIECI MITOK, IO AO3BOJAIOThL Mic/s Bi-
AMOBHU 260 MOMMIKM BiTHOBUTH HOrO BUKOHAHHA Bill HAaHBGIHKUOT M03HAYKHM;

— MepepuBaHHs y NOTPIOHUX BUNAAKaX NPUKIAAHOrO MPOLECY i Horo kope-
KTHE MOHOBIIEHHS;

— MNPUIMHEHH: ceaHcy §e3 BTpaTy AaHMX;

— nepejaia 0cobIMBHX NMOBIAOMIEHb PO Xifl POBEIEHHS CEaHCy.

CeaHcosuii pieeHp BiATIOBINAE 3@ Opradizauito ceaHcis oOMiHy JaHUMU Mixk
KiHUEBUMH MalUMHaMu. [IPOTOKONM CeaHCOBOro PiBHsA 3a3BMYAll € CKIAA0BOIO
YaCTHHOKO NPOTOKOJIIB TPEOX BEPXHIX piBHIB Momen.

3.3.4 TpancnoptHuii pisens (Transport Layer)

TpancnopTHuit piBeHb NpU3HAuEHWH AN Nepefayi NakeTiB 4Yepes KOMyHi-
KauiitHy Mepexxy. Ha TpancriopTHOMy piBHi nakeTu po36uBaroThea Ha 61oku [9,
10].

Ha mnsaxy Bin BifnpaBHMKa 10 OfiepXyBada MakeTd MOKYTh G6YTH CHOTBO-
peHi abo 3arybneni. Xoya aeski 104aTKH MaroTh BlacHi 3acobu 06po6Ku moMu-
JOK, ICHYIOTH i TaKi, AKi BBAXAIOTh 3a Kpallie BiApasy MaTH CIpaBy 3 HamiltHUM
3’eHaHHAM. PO60Ta TPaHCMOPTHOrO PiBHA MOAArae B TOMY, 1106 3a6e3neunTy
AoaaTkaM abo BepXHiM piBHAM MoJesi (MPUKIAAHOMY | CEaHCOBOMY) Mepenauy
AaHHX 3 TUM CTyMeHeM HadiMHOCTI, sika IM HeobxiaHa. Mogens OS] BuzHauae
AT KIACiB CEPBICY, HAlAHMX TPAHCIIOPTHUM piBHem. Lli Buau cepsicy Bimpis-
HAOTBCA AKICTIO HAJaHUX MOCAYr: TEPMIHOBICTIO, MOKIIMBICTIO BifHOBJEHHS
NepepBaHoro 3B°A3KYy, HAABHICTIO 3acoGiB MyJbTHMIEKCYBAHHA HEKLIBKOX
3’€[lHaHb MDK PI3HUMH NPUKTAJHAMH NPOTOKONAMH Yepes 3aralbHUi TPaHCno-
PTHHIT IPOTOKO, a FOJIOBHE, 3AATHICTIO IO BUSBIIEHHS | BUMPABIEHHA IIOMHIIOK
fepefiadi, TaKUX K CIIOTBOPEHHSL, BTPaTa i AyOiOBaHHs NaKeTiB.

TpancnopThuii piBeHb BU3Hauae agpecauito GisHYHUX MPUCTPOIR (CHCTEM,
ix uacTiH) y Mepexi. Lleit piBeHs rapantye nocrasky 6iokie inbopMauil anpe-
catam i kepye wiei goctaskoo. Foro rosioBHMM 3aBiaHHAM € 3abe3rneveHs
edeKTMBHUX, 3pYUHHX i HafiliHkX GopM nepenaui indopmalii Mix cHcTeMamu.
Konu B npoueci 06pobnenns € nekinbka nakeTis, TpaHCHOPTHHMIL piBeHb KOHT-
POJTIOE 4eproBiCTh MPOXOKEHHA MaKeTiB. SKIO NPOXOAMTH AyGiKaT NpuitHa-
TOI'O paHillle MOBiAOMJIEHHS, TO NaHMH PIBEHb PO3Ii3HAE Lie Ta ITHOPYE MOBIfO-
MJIEHHS.

Ho ¢ynxuiit TpaHcOpTHOTO piBHA BiaHOCATH [4]:

— KEpYBaHHs rfepelnavero Mepexero Ta 3abesnevyeHHs LiIICHOCT] OnokiB aa-
HHUX;

— BHABJIEHHSA MOMMWIIOK, 4aCTKOBA iX MIiKBifaUid i MOBIAOMIIEHHS NPO HEBU-
NpaBieHi NOMUIIKH,
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— BiJHOBMNEHHS nepeaayi Micns BiAMOB i HecripaBHOCTeH;

— YKpYNHEHHs YU MOAiN OJ0KIB JaHUX;

— HaJaHHA NpiopUTeTIB NMpH NepelaBaHHI GMOKIB (HOPMaNbHUR YH TepMi-
HOBWI1);

— MiATBEp/DKEHHS repenadi,

— nikBinauis 610KiB MPU TYIMMKOBUX CUTYaUIsAX B MEPEXi.

[TounHalUM 3 TPAHCTIOPTHOI'O PiBHS, BCi BUINEHAaBEEHI NPOTOKONU pearti-
3YHOTHCS MPOrpaMHUMU 3aco6amiy, 3a3BHYal BKIIOUAOTHCA 10 CKIady Mepexe-
Bof onepawuiftHoOl CUCTEMH.

HaiiGinblu nouMperi npoToKoJIM TPAHCIIOPTHOTO PiBHA BKIIOYAIOTh B cede
[10, 11]:

— TCP (Transmission Control Protocol) — mpoTokos ynpaeniHHs nepenaycto
creka TCP/IP;

— UDP (User Datagram Protocol) — mpu3HaueHui 11d KopHUcTyBada ApoTo-
kon aetitarpam creka TCP/IP;

— NCP (NetWare Core Protocol) — 6a3zoBuii nporokon mepexx NetWare;

— SPX (Sequenced Packet eXchange) — ynopsakopanuii oOMiH makeTaMu
creka Novell;

— TP4 (Transmission Protocol) — npotokon nepenadi knacy 4.

3.3.5 Mepexesuii pisenb (Network Layer)

MepexeBnii pieeHb 3abe3neuye NpokJIaJaHHA KaHalliB, WO 3’€AHYIOTh abo-
HEHTCbKI Ta aAMIHICTPAaTHBHI CUCTEMH 4epe3 KOMYHikauifiHy mepexy, Bubip
MaplUpYTy HaiGiIbLI WBKUAKOrO | HaaifiHoro waxy [1, 6].

MepexeBuii piBeHb BCTAHOBIIOE 3B’A30K B OOUMCMOBAJIbHIR Mepexi Mix
JBOMa cUCTeMaMH i 3abe3neuye NpOKIagaHHa BipTyabHMX KaHaniB MK HHMH.
BipTyansHuii 4n MOTIYHUI KaHa — He Take QyHKLiOHYBaHHA KOMIIOHEHTIB Me-
pexi, sKe CTBOPIOE B3AEMOAIOYMM KOMIOHEHTaM IJTF03it0 NMpOKIIafaHHa MDK
Humu notpibHoro Tpakty. KpiM 1boro, MepexxeBuil piseHb NOBIOMIIAE TPaHC-
FIOPTHOMY PIiBHIO PO BUHHKaKOUi MOMHIKH. [ToBiZOMAEHHA MepeKeBOro piBHA
npuiiHaATO HazuBaTth nakeramu (packet), B HUX MICTATECS (PparMeHTH NaHUX.
MepexeBuii piBeHb BiANOBifac 3a aapecallilo i OCTaBKY MaKeTIB.

[MpoknaganHs HAMKPALLOro LWIAAXY JUIA Nepeaadi JaHUMX Ha3WUBAaeTbC Map-
WIpyTH3ali€to, i 1l pillleHHs € FOJIOBHUM 3aBJaHHAM MepexeBoro piBHa. Ll npo-
OneMa YCKNaaHIOETBCA THUM, IO HAHKOPOTIUMH LUIAX HE 3aBXAW HahnKpalui.
Yacto xpurepiem npu BUOOpi MaplIpyTy € 4ac nepefavi JaHHUX MO LbOMY Map-
WIPYTY, BiH 3aN€XUTb BiA NPONYCKHOI 34aTHOCTI KaHasiB 3B’A3Ky Ta IHTEHCHB-
HocTi Tpadiky, Axa MOXe 3MIHIOBATUCS 3 yacoM. JleaKi anropuTMH MapiipyTH-
3auii HaMaratoTbCs MPUCTOCYBATHCS 0 3MIHK HABAaHTAXXEHH:, B TOW Yac AK iHILI
NpUAMalOTh PillIEHHS Ha OCHOBI CepellHIX MOKa3HUKIB 3a TpUBalMil yac. Bubip
MapLIpYTy MOXe 31iiiCHIOBATUCA i 3a IHIUMMH KPUTEpiAMH, HanpuKial, Hadii-
HICTIO Nepepayi.

[TpoTokon kaHaNbHOTrO piBHA 3a0e3meuye NOCTaBKY JAaHUX MDK OyAb-StKHMH
BY3JTaMU TiNIbKH B MepesKi 3 BiMOBIAHOK THNOBOIO Tonooriero. Lle ayxe >xop-
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CTKe OOMeXeHHs, AKe He 103BoNAe GymyBaTH Mepeski 3 PO3BHHEHOIO CTPYKTY-
POIO, HaNpuKIall, Mepexi, 10 06’ eAHYIOTb JeKinbka Mepex MiAnpHeMCTBA B
€AMHY Mepexy, abo BMCOKOHAAliHI Mepexi, B skux ICHYIOTb HaJNMIIKOB]
3B A3KU MiX By31aMu.

Taxum unnom, Beepenuni Mepexi gocTaeka nqaHmx PErymoeThCs KaHATbHUM
PiBHEM, a OCb IOCTABKOIO JAHUX Mik MepexaMH 3aiiMacTbCst MepexeBuil pi-
BeHb. [Ipy opranisauii nocraeku naketis Ha MEPEeKEBOMY piBHI BUKOPHCTOBY-
ETBCA TOHATTA HOMEP Mepexi. V LboMy BHITAAKy ajpeca ofepKyBaua cKiajia-
€TbCA 3 HOMEpa Mepexi | HoMepa KOMIT FoTepa B Liil Mepexi.

Mepexi 3°eanyroTbes Mix coGol0 crieianbHUMK NPHUCTPOSMH, LUO Ha3UBa-
tOTbCA MapuIpyTH3aTOpaMi. MapwipyTusatop — ue npuctpiid, skuit 36upae in-
thopmaLtito Npo TornoNorito MikMepexeBnX 3’€AHaHb | Ha il OCHOBI nepecunae
TNaKeTH MEPEXEBOro piBHA B Mepexy Npu3HadeHHs. [is Toro wmwob nepenaru
MOBIZIOMIIEHHA Bill BIANPABHKKA, IO 3HAXOAMTHCA B OMHIM Mepesxi, oaepxyga-
1y, WO 3HAXOUTECA B MW Mepexi, Tpeba 3aiiicHuTH A€AKY KIIbKIiCTb TpaH3u-
THUX nepenay (hops) Mix Mepexamu, wopasy BUGHpaoUy BiANOBIAHNMIT MapiL-
pyT. TakuM uMHOM, MaplupyT ABNfE cO6OI0 HOCTITOBHICTH MapuIpyTH3aTopis,
yepes AKi IPOXOAUTH NaKeT.

Mepexesuii piBens Binnosinae 3a posnoain KOpUCTYBa4iB Ha Irpyny i Map-
WPYTH3ALIKO TaKETIB Ha OCHOBI MEPETBOPEHHA MAC-anpec B meperxesi agpecu.
Mepexesuii piseHs 3a6e3neuye Takox Npo30py nepefady NakeTie Ha TpaHCMo-
PTHUH piBeHb.

Mepesxesuii piBeHb BukoHye yHKLii:

~ CTBOPEHHS MepExeBUX 3’€iHaHb Ta ineHTuikauis ix nopris;

— BUABNCHHS | BUNIPABNEHHA OMMIIOK, WO BUHUKAIOTH [IPH nepegaui uepes

KOMYHiKauUifiHy Mepexy;

— KepYBaHHA [I0OTOKAMMU MAKETiB;

— OpraHisauis (BropsaKyBaHHs) NOCiOBHOCTE NakeTiB;

~ MapuipyTu3allia Ta KOMyTaLlis;

~ CerMeHTalliA Ta 06 €AHAHHA [1aKeTiB.

IIpotokonu mepexeBoro pisHs peanizoylothcs [IpOrpaMHUMH MOAYNAMU
OMepaNiifHOi CUCTEMH, a TaKoxk MPOrPaMHUMH it anapaTtHUMM 3acobaMu Mapiu-
pyTH3aTOpIB.

Haii6inbur vacto na mepexesomy pisHi BUKOPUCTOBYIOTHCS MpoToKoau [10,
Iy

— IP (Internet Protocol) — npotokon Internet, MEpeXEBUH NPOTOKOJ CTEeKa
TCP/IP, sxuit Hapae agpecHy i MapupyTHy iH¢opmaLiio;

— IPX (Internetwork Packet Exchange) — npotokon Mi>KMepekeBoro obminy
NaKeTamMu, Npu3Ha4eHui s anpecauii Ta MapupyTHsauii nakertis B Mepexax
Novell;

— X.25 = MiXHapOAHHI CTaHAapT A1s r106aNbHIX KOMYHIKaLii 3 koMyTa-
LI€0 MaKeTiB;

— CLNP (Connection Less Network Protocol) — mepexesuit npotokon Ges
OpraHizauii 3’e1HaHb.
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3.3.6 Kanasbuuii pisennb (Data Link)

Oaunuuero indopmauil kaHanbHoro piBHs € kaapu (frame). Kagpu — ue no-
riYHO OpradizoBaHa CTPYKTYpa, B AKY MOXHA pO3MilllyBaTH AaHi [2]. 3aBaaHHs
KaHANBLHOTO PiBHA — MepeaaBaTH KalpH Bill MEPEXeBOro 10 (i3MUHOro piBHA.

Ha d¢iznunomy piBHi npocto nepecunatotses 6iT. Ilpu Lbomy He BpaxoBy-
€ThCA, 1O B AEAKUX Mepexax, B AKHX JIiHIT 3B’A3Ky BUKOPUCTOBYIOTLCA MOYep-
roBO KilbkOMa Mapamiy B3aeMOJIOUMX KOMIT'IOTepiB, (i3HUHe cepelloBuIle Me-
penadi moxe OyTH 3alHATAM. TOMY OAHUM i3 3aBAAaHb KAHANBHOIrO pIiBHA € ne-
peBipka JOCTYMHOCTI cepeloBHILa nepefayi. [HINM 3aBIaHHAM KaHAJILHOTO pi-
BHI € peajTi3allifl MeXaHi3MIB BUABJICHHS I KOPEKLiT MOMIIIOK.

KananbHuii pieHb 3a6e3meuye KOPEKTHICTh nepeaayi KOKHOTO Kaapy, po3-
MilLlytOuM cnelianbHy MOCHigOBHICTL OIiTIB HA NOYATOK 1 KiHEelb KOXHOIO Kaj-
py, WwWob BiA3HAYMTH HOTO, @ TAKOXK OGUMCITIOE KOHTPONBHY CyMy, NiACYMOBYIO-
4y Bci OalTH Kaapy NeBHUM crnocobOM i NOAAK0YH KOHTPONBHY CYMY O Kaapy.
Konu xanp npyixomnTs, ofepxyBad 3HOB OOUHMCITIOE KOHTPONBHY CyMy OTpHMa-
HUX JaHUX | MOPIBHIOE PE3yJIbTAT 3 KOHTPOJIBHOKO CYMOIO 3 KaJApy. SKIIO BOHU
30iratoThCs, Kaap BBKAETLCA NPABUIbHUM | NPUAMAETLCA. SIKIIO K KOHTPOJIb-
Hi CyMM He 36iratoTbCst, TO PiKCyeThCst TOMHUNIKA.

3aBiaHHA KaHANBHOTO PiBHS — MPUIIMATH NaKeTH, IO HAAXOAATh 3 MepesKe-
BOTO PiBHA, | TOTYBAaTH iX 4O Nepenadi, yKJaJatouu B Kagp BiANOBIIHOro po3Mi-
py. Lle#i piBeHb MOBUHEH BU3HAYATH, /I MOUYMHAETLCA | € 3aKiHUY€ETbCA OJI0K, a
TAKOX BHABNATH MOMUIKH Mepeaati.

Ha upomy >« piBHi BM3HA4YalOTECSA MpaBuia BUKOPUCTAHHA (Pi3MYHOTO piBHA
By3n1aMH Mepexi. EnexTpriHe MogaHHs AAHUX B JOKATbHUX OOUHUCIIOBAIBHHX
Mepexax (6iTH IaHMX, METOOM KOMYBaHHA AAHHMX i MapKepu) po3Mi3HAETHCS Ha
ULOMY PiBHI.

KananbHuii piBeHb 3abe3rneyye CTBOpeHHs, Nnepelnady i npuiloM kaapie ga-
HHX. Lleit piBeHb 06cnyroBye 3anUTH MEPEXEBOro piBHA | BUKOPHCTOBYE CEpBIC
(iznuHOro piBHA ANA nMpuiioMmy i nepenaui naketis. Crneundikauii IEEE 802.x
NOALAITb, KaHATbHUI piBeHb Ha ABa niapiBHi {10, 11]:

— LLC (Logical Link Control) — xepyBaHHS NOri4YHUM KaHaJOM 3IiHCHIOE
AOrivHUA KOHTponb 3B’ a3Ky. [Tinpirens LLC 3abe3nedye oOCIyroByBaHHS Me-
peKeBOro piBHA i MOB’A3aHMI 3 Mepenayero i NPUHOMOM KOPHCTYBAlbKHUX MOBI-
JOMJIEHD;

— MAC (Media Assess Control) — koHTpons poctyny o cepenoua. ITia-
pieHs MAC perymoe A0CTyn A0 MOAiMOBaHOTO (i3UuHOro cepenopulia (me-
penaya Mapkepa WM BUABIIEHHA KOJi3ii) i kepye IOCTYNOM A0 KaHamy 3B’A3KYy.
[Migpisens LLC 3naxonuThes BHILE MigpiBHA Mac.

KaHaneHuii piBeHb BU3HAYAE AOCTYN O CePeOBHINA i KepyBaHHA Iepena-
4ero y BUMIAAI ApoueaypH nepefadi JaHux no kaxamy. [1pu BenHknux posmipax
niepefaHux O0KIB JaHUX KaHaNbHUH PIBEHb HIIUTD 1X Ha KaapH i Mepefac Kai-
pu y BHrIAAI nocnifoBHocTed. Tlpu oTpuMaHHi KaapiB piBeHb QopMmye 3 HHX
nepeaani 6noku naHux. Po3Mip Gnoka qaHuX 3anexuTh Bil crocoly nepenadi,
AKOCTi KaHauy, o AKOMY BiH MepeaeThes.
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Y noKanbHUX Mepexax MPOTOKONM KaHAIBHOrO PiBHA BHKOPUCTOBYIOTHCH
KOMI'IOTEpaMH, ~ MOCTAMHM, KOMYyTaropaMd | MapuipyTM3atopamu. Y
KOMIT'toTepax (yHKLT KaHAIBHOro PiBHS PeaisytoTbCs CHiNLHUMM 3YCHILTAMHU
MepeXeBHX ajlanTepiB Ta iX apaiiBepis.

KananbHui piBeHb MOXe BUKOHYBATH Taki BUAM GyHKLl:

— opradizauis  (BCTAHOBNIEHHA, KepYBaHHs, pO3IpBAaHHA) KaHANbHHX
3’€lIHaHb Ta iAeHTHdIKALIA X MOpTiB;

— opradisauis i nepefaBaHHs Kazpis;

— BUABJIEHHS | BUMIPABJIECHHSA NOMUIIOK;

~ YNPpaBiiHHS NOTOKAMH JaHHX;

— 3abe3rieueHHs 1PO30POCTi NOTIYHKMX KaHaniB (Mepeaali DaHMX, 3aKOA0Ba-
HUX OYOb-TKHUM CHOCOGOM).

IIpoTokonu, 1o HaWGIMbI YaCTO BUKOPUCTOBYIOTHCA HA KaHATLHOMY piBHi
[11]:

— HDLC (High Level Data Link Control) — npoTokon kepyBaHHs KaHa/oM
nepejayi JaHUX BUCOKOTO PiBHA AMA MOCNIIOBHUX 3’ €HAHE,

— IEEE 802.2 LLC (tun I i Tun IT) — 3aGesnedytots MAC ana cepeaoBuIu
802.x;

— Ethernet — mepesxesa TexHonoris 3a crangaprom IEEE 802.3 s MeEpex,
WO BUKOPUCTOBYIOTE LUIMHHY TOMOJIOTIO | KONEKTUBHUI AOCTYN 3 NPOCAYXOBY-
BaHHAM HECY4YO0i Ta BUSABJACHHAM KOJi3iii;

— Token ring — mepexeBa TexHouoris 3a crangaptom IEEE 802.5, 1m0 Buko-
PHCTOBYE Ki/lbLIEBY TOMONOTIIO | METOA A0CTYMY A0 KibLs 3 nepeaateo Mapke-
pa;

- FDDI (Fiber Distributed Date Interface Station) ~ mepexepa TexHomoris
3a crangaptom IEEE 802.6, o BHKOPUCTOBYE ONTOBONIOKOHHHIA Kabenb:;

— X.25 — mikHapoaHU#l CTAaHAAPT M MMOGANBHUX KOMYHiKaLill 3 KoMyTa-
Li€I0 NaKeTiB;

— Frame relay — mepexa, oprasizosana 3 TexHonoriit X25 ta ISDN.

3.3.7 ®izuunuii pisensn (Physical Layer)

®iznyHui piBeHb MPU3HAYSHHUI U1 3’ €IHABHA 3 QI3MUHUMU 3acobamu. Di-
3U4HI 32C00M 3°€IHAHHA — Lie CYKYNHICTh (i3MYHOTO CepeNoBHLIA, aNapaTHUX i
nporpamHux 3aco6ie, wWo 3abesrneyye nepeaady CUruania Mix cucremamu. @i-
3U4YHa CepefloBUILE — Lie MaTepianbHa CyOCTaHLs, Yepes Ky 3AiACHIOETbCA Te-
penava curnanis [4, 7]. dizuune cepeJOBHILE € OCHOBOIW, Ha AKil GymyloThes
Gisnuni 3acobu 3’ennanua. Sk isuuHe cepenoBULIE MWUPOKO BUKOPHCTOBY-
t1oTbes edip, MeTanu, onTUYHe CKIIO i KBapL.

Di3uyHNH piBeHb CKNANA€ThCA 3 MiAPIBHA CTHKYBAHHA 3 CepelOBHILEM i Mi-
AipiBHA NepeTBOpeHHs nepenayi. [lepumii 3 HUX 3a6e3neuye 3°€IHAHHA MOTOKY
AaHuX 3 QisMuHUM  KaHantoM 3B’asky. [pyruii spificHioe mepeTBOpeHHs,
NOB’A32Hi 3 ICHYIOUMMH NIPOTOKOIAMH.

®iznunmii pisens 3abe3nedye pisnunmii inTepdeiic 3 kaHanoM nepenaui aa-
HHX, a TaKOX OfIMCYE MpPOUENYPH Tiepeadi CHTHAB B KaHal i OTPUMaHHS X 3
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kanany. Ha upomy piBHi BU3Ha4alOThCA eNEKTPUYHI, MeXaHi4Hi, QYHKLiOHANbHI
Ta MpouemypHi napameTpu WA $isudHOTO 38°A3Ky B cHcTeMax. DisHuHUHA pi-
BEHb OTPUMYE MAKETH JAHKX Bifl BULIOTO KAHAILHOTO PiBH | MEPETBOPIOE X Ha
ONTHYHI aB0 eNeKTpUuHi CUrHam, Bianosiaui 0 i 1 Ginaproro motoky. Lli cur-
HallM HAICHNAIOTbCA Yepe3 CepeoBUIIE Mepeati Ha NpuioMHUN By3on. Mexa-
HivHi Ta eIEKTPUUHI/ONTHYHI BIACTUBOCTI CEPEIOBHLIA Nepe/iayi BU3HaYarThCA
Ha (iznuHOMY piBHi i MICTATB:

— in kabenis i po3’eMiB;

— po3BeIeHHs KOHTAKTIB B p03’€MaXx;

— CXeMy KOJlyBaHHs CHrHANIB A 3Ha4eHb 0 i 1.

DizvuHUii piBeHb BUKOHYE Taki GyHKLIT:

~ BCTAHOBNEHHS 1 po3’enHaHHA (Qi3HYHKX 3’€AHAHD;

— nepejaya Ta npuitoM CUrHaniB B OC/IA0OBHOMY KOAI;

— IPOCIYXOBYBaHHs KaHasiB (3a HEo6XiAHOCTI);

— igenTrdikallis KaHaIB;

— OMOBilLIEHHA PO NOABY HECHPABHOCTEH Ta BiZIMOB.

OnoBilLEHHs PO NOABY HECIIPaBHOCTeH Ta BiAMOB MOB’A3aHO 3 TUM, LIO Ha
¢isnuHoMy piBHi BiAOYBacThCS BUABICHHA MEBHOrO Kiacy NoAiH, AKI 3aBaXa-
10Th HOPMAIbHiH POGOTI Mepexi (3iTKHEHHs KazpiB, HalICTAHUX OJIHOYACHO Ki-
JIbKOMa CHCTeMaMH, OOpUB KaHany, BUAK/IOYEHHs XKMBJIEHH:A, BTpara MEXaHi4-
HOTO KOHTAKTYy Tollo). BHau cepsicy, WO HAJAIOThCA KaHAIbHOMY PiBHIO, BH-
3HAUAIOTBCA MPOTOKONaMK (izndHOro pisHsi. [IpocnyxoByBaHHs KaHaly HeoO-
XiHO B THX BHUMAAKaX, KOMM A0 OAHOTO KaHATy MiAKIIOMAETLCA FPYIa CUCTEM,
ane OJHOMACHO MepeiaBaT! CUIHANN A03BONAETLCA TilbikH OAHiA 3 HuX. Tomy
MPOC/YXOBYBaHHA KaHally JO3BONAE BU3HAUUTH, UM BITbHUI BiH U1 nepepaui.
V pani Bunagkis Ans Gidbll YiTKOrO BU3HAYCHHA CTPYKTYpH ¢izuuHuil piBeHp
pO36UBacTLCA Ha JeKinbka niapieuis. Hanpukian, disuuunuit piBeHb 0€3MPOBO-
JOBOT Mepexi MoAiNAETLCA Ha TPH MiApiBHi (puc. 3.4).

dyHKUii (i3MuHOro piBHA PeanisyloTbes y BCIX MPUCTPOAX, NAKIIOYEHUX
110 Mepexi. 3 Goky komn'toTepa GyHKUIT Gi3MyHOro piBHA BUKOHYIOTBCH Mepe-
’eBUM anantepoM. [ToBTOpIOBadi € €IMHUM TUNOM OONA/HAHHSA, AKE MPALIoE
Tinbky Ha (isuuHomy pieHi [9].

is [TinpiBeHb, He3aNEHHH Bifl
¢izuuHmX 3ac00iB 3'€NHAHHS

16 [MepexiaHuii migpiBeHb

la [TigpiBeHs, 3aexxHUH Bij
¢izuuHuUX 3ac00iB 3'€AHAHHA

PucyHok 3.4 — disuunuii pieHb Ge3npoBOLOBOT NOKAILHOT Mepexi
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Ha ¢iznuHoMy piBHI BUKOHYETBCA MEPETBOPEHHS JaHKX, WO HAIXOMATh Bil
6inbll BUCOKOTO piBHA, B CMTHAIH, WO MepefatoTh no kabenmto. Y riaodanbHux
Mepexax Ha UbOMY PiBHI MOXYTb BUKOPHUCTOBYBATHCA MOIEMU Ta iHTepdeiic
RS-232C. V nokanbHHUX Mepexax A/ NepeTBOPEHHA JaHUX 3aCTOCOBYIOTH Me-
pe)xeBi afanTepH, 1o 3a0e3reuyloTs WBKHAKICHY nepeaady JaHux y uudposii
dopwmi. Ilpuknan npotokoiy ¢izuuHOro piBHA — e MHPOKO BiAOMUI iHTepdeiic
RS-232C/CCITT V.2, sAxkuil € HamolMpeHIlUUM CTaHAapPTHUM [OCHiOBHUM
3B’A3KOM MidK KOMN'tOTepaMH i epudepiiHUMK NIPUCTPOAMH.

DiznyHMit piBeHb MOXe 3a0e3redyBaTh SK aCHHXPOHHY (MOCTiOBHY), TaK i
CHHXPOHHY (MapajiefibHy) fepejaqy, AKa 3aCTOCOBYETbCA I HeAKUX MeHHd-
peiiMiB i miHi-xkomm’toTepiB. Ha ¢iznyHoMy piBHI roBMHHa OyTH BM3HAueHa
CXEMa KOAyBaHHsA [UIA MOJaHHA ABIHKOBHUX 3HAUeHb 3 METOIO IX Mepejayi kaHa-
JioM 3B’A3Ky. Y 6araThox JIOKallbHHX Mepexax BUKOPHCTOBYEThCS MaHUecTep-
CbKE KO/IyBaHHA.

[puknagom npotokony ¢izuyHOro piBHA € cneundikauia 10Base-T TexHo-
norii Ethernet, sika Bu3Hauae Tun Kabemto, IO BUKOPHCTOBYETHCA, — HEEKpaHO-
BaHy KpyueHy mnapy kateropii 3 i3 XBunsoBuM onopom 100 OM, pos’em RJ-45,
MaKCHMallbHy JOBXHHY ¢izuuHoro cermenta 100 MeTpiB, MaHUeCTEPCbKUI KOX
IUIs TIOAaHHA JaHuX Ha xabesi Ta iHIII XapaKTEepHCTHKH CEepellOBHILA i eneKT-
PUYHHX CUTHAIB.

Ho uncna Hai6inbL nowxpeHux crieuudikaii ¢pisudHOro piBHA BiHOCATH
[10, 11]:

— EIA-RS-232C, CCITT V.24/V.28 — mexaHiuHi/ejaeKkTpruHi XapakTepuc-
THKM He30anaHCOBaHOro MoCNioBHOro iHTepdeiicy;

— EIA-RS-422/449, CCITT V.10 — MexaHiuHi, elleKTpUUHI Ta ONTHYHI Xa-
PaKTepUCTUKH 30a1aHCOBaHOTO NOCIiAOBHOrO iHTepdeiicy;

— Ethernet — mepesxxeBa textosoris 3a cranpaptom IEEE 802.3 ans mepex,
1O BUKOPUCTOBYIOTh IIMHHY TOMOJIOTIIO Ta MHOKMHHUHA JOCTYII 3 NPOCIYXOBY-
BAHHAM HECY40l Ta BUABNEHHIAM KOMI3ii;

— Token ring — MepexeBa TexHousorid 3a craHaaprom IEEE 802.5, wo Buko-
PHCTOBYE KifbLIEBY TOTIONIOTIIO | METOJ JOCTYIY AO KiJIbLA 3 Nepeayueto Mapke-
pa.

3.3.8 3B’s30K cTeKa NPOTOKOJIB i3 TeXHiYHMMHU 3acobamm peanizauii
Mepe:ki Ta NporpaMHUM 3a6e3neyeHHIM

[Tpotokonu Beix piBHiB Monesni OSI MoxHa 06’eqHaTH y OBi IpyIH: Mepe-
XKe3aIeXkKHI Ta MepekeHesanexHi npotokond. [lepiui 3 HUX opieHTOBaHI Ha ana-
patHe 3abe3rnedyeHHs KOM I0TEPHUX Mepex Ta Ha (i3HUuHI NMPUHUMMK nepenaui
JaHuX. MepexesaNexxHUMU MepeBaXKHO BBAXAIOTHCA MPOTOKOAU (Hi3HYHOrO,
KaHaIbHOIO Ta MepexkeBoro pieHiB [1, 4, 9]. Came Wi piBHi 3riAHO 3 OMUCOM, Ha-
BEeIEHUM Y TIONepeHiX NiJyHKTaxX, Haiibinblie 3anexaTh BiJ anapaTHOl peai-
3alii Ta KOMyTauifiHoro obyasHaHHs KOMITIOTEpHUX Mepex. Hanpuknaa, npu
nepexoni Bix mepexx Ethernet 10 oNnTOBONIOKOHHHX Mepesk, sKi NPaLIOKOTL Ha
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ocHoBi nipoTokosty FDDI, nepenfavaeTbest MoBHA 3aMiHa BCiX MPOTOKOMIB ¢i3u-
YHOrO Ta KAHANBHOI'O PIBHIB. :

TpaHCMOPTHHUIA piBeHb BBAXKAETHCA MPOMIKHMM MiX anapaTHO3aNeKHUMH
Ta NpOrpamMo3aleKHUMU PiBHAMHU Mepesxki. Came (yHKUIT UBOTO PiBHA HAKOTH
3MOTY po3pobasTH MpUKIagHi MPOrpamMy, SKi KOPEKTHO MPALIOOTh y Oy ab-AKUX
Mepexax Ha obnagHaHHi Gyab-ikMX BHpOGHUKiB. TOX TpaHCIOPTHUH piBeHb
zabesneuye arnapaTHy Mpo30picTb MEPEX.

MepexeHe3ane:KHUMH € CEAHCOBMHM, NMPEACTaBHULBKUH Ta NpPUKIAAHUA pi-
BHi. Ha mpoTokonu uux piBHIB He BIIMBAIOTE 3MiHM Y TOHOJIOTIT Mepexi, 3aMi-
Ha oGnaqHaHHa abo Mepexia Ha iHiLy MepexeBy TexHonorito. Tax, nepexin Bin
Ethernet o BucokowBuaxicHoi Texnonorii 100VG-AnyLan nHe noTpebye Hi-
AKUX 3MiH y mporpamHux 3acofax, WO peanizoByroTh (YHKLUII NPUKIALHOTO,
IIPE/ICTABHULBKOrO Ta CEaHCOBOrO PiBHIB.

KoHTpoJIbHI NHTAHHA

JlaitTe 03HAYEHHA CTAHAAPTHUX CTEKiB KOMYHIKaLifHNX NPOTOKOIE.

{0 Take mozens OSI? Ha ski pisHi poz6uBaeTthea 6azosa moaens OSI?
Ski QyHKUIT BUKOHYIOTbCS HA (Pi3HYHOMY PiBHi?

Slkuit piens Moaeni OS] nepeTBopioe AaHi B 3aranbhnit Gopmat s nepe-
nadvi mepexero?

Slke ob6nafHaHHA BAKOPHCTOBYEThCA Ha (i3UHHOMY piBHI?

SIki pyHKUIT KaHANbHOTO piBHA?

Ski mpoTokonM i 0611aHaHH BHKOPUCTOBYIOThCA HA KaHA/IbHOMY PiBHi?
Ski pyHKUIT BUKOHYIOTBCA | AKi MPOTOKOM BUKOPHUCTOBYIOTBCS Ha Mepe-
’eBOMY piBHI?

9. Slke o61agHAHHA BAKOPUCTOBYETHCA HA MEPEKEBOMY PiBHI?

10. Tlepenivith yHKLIT TPAaHCMOPTHOTO PiBHA.

11. sIki TPOTOKON BUKOPHCTOBYIOTECA Ha TPAHCIIOPTHOMY PiBHI?

12. Tlepeniuits o6naqHaHHA TPAHCTIOPTHOTO PiBHA.

13. JlaiiTe 03HaueHHs CEaHCOBOTO PIBHA.

14. Slkuii piBeHb BiINOBifA€e 3a JOCTYN NOJATKIB Y Mepexy?

15. 3aBaaHHsA peICTaBHULBKOTO PIiBHA.

16. Hasenite pyHKUIT NpUKITaHOTO PiBHSA.

17. HaBenits NpoTOKOJM BEPXHIX PiBHIB.

B —

b NS
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4 AITAPATHE 3ABE3NIEYEHHS KOMIT'IOTEPHUX MEPEX
4.1 DizHyHe cepenoOBHILE Nepeaayi AaHHX

4.1.1 Knacundixauist Ta anaparypa JiHiii 38°s3Ky

Jinia 36¢’43Ky — Ue iHXeHepHa Cropyla, IO CKNAAETLCA 3 MPOKNAICHOTO
3a MeBHOIO reorpadiyHoo Tpacoro kabento 3B’sa3Ky aGo panioTpacH, siki 3a He-
0OXigHOCTI 3a6€3MeyIOTbC MPUCTPOAMM 3aXHCTY Bill CTOPOHHIX BIAUBIB. JliHii
3B’A3KY 3’€/IHYIOTb Pi3HOMaHITHY anapatypy TeJeKOMYHiKalUifHUX CTaHLii, By-
3MB 3B’A3KY, MiACHTIOBANLHHX Ta PereHepaLiiHUX MyHKTIB, AKi pa3oM YTBO-
pro1oTh cucmemy 36’azky. Cucrema 3B’s13Ky Moxe 6yTn oaHo- abo 6aratoxaHa-
nbHO. KaHanoM 36’a3Ky HA3UBAETHLCA YaCTUHA CUCTEMM 38’ A3KY, LIIO BUKOPHC-
TOBYETBCSt NS OOHOCTOPOHHBOI Mepejadi MOBIAOMMSHHs BiJ BiAnpaBHUKa 10
OJiepKyBaya. J/IBOCTOPOHHIO Tepeady MOBiIOMIEHb NIPUMHATO HA3UBATH KAHA-
Ja0m nepedayi oanux [12].

Heo6xinHo 3a3HauuTy, Wo NepLIoyeproBo TepMiH «38 130K» BUKOPUCTOBY-~
BaBCs y TesepoHii, Konu BiIIpaBHUKOM Ta OfepKyBaueM MOBiJOMIEHHS Ge3mno-
cepenHbo Oyna moauna. Tlpu o6MiHi indopmaLiero Mixx KoM’ OTepamMu Movasu
KOPUCTYBAaTHCs OlbIl 3arafbHUM TepMIiHOM — Miepeaaya iHpopmauiitHux qaHux,
LIIO OXOIUIKOE | MOHATTA «3B’A30K». CyuacHi NiHil 38°13Ky 3AIHCHIOIOTL ABOCTO-
POHHIO Mepenavy pi3HOMAHITHUX MOBiAOMIIEHb, TeneoHii, BiAeo Ta Pi3HUX iH-
opmanifinux panux. ToMmy Hagani TepMiHM «3B’A30K» Ta «repelaya AaHMX»
BBXaTHMEMO CMHOHiIMaMu, i 6ylemMo iX BMKOPHUCTOBYBATH [/if aHanisy MiHiit
KOMIT FOTEPHUX Mepex.

Ha croroamiwunift 1eHb po3pizHAIOTE JBa OCHOBHUX THITH fliHiil 3B°A3KY — L&
NPOBOMOBI ab0 Kabeabui ninii Mepenayi 1aHUX NO CrewiaNbHUX HAPIMHHUX CH-
creMax Ta Oesnposodosi abo papioniHii mepepaui B edipi (armochepi)
(puc. 4.1). XapakTepHoto pucolo kaGelabHUX JIiHii Mepefayi € NowMpeHHs cur-
HAJIB Y WTY4HUX b0 CewianbHO CTBOPEHUX HANPAMHUX CHCTEMAX Y 3aJjaHOMy
HANPAMKY i3 BIANOBIAHOIO AKICTIO Ta HaAiiHiCTIO. BiaMiHHOO oco6amuBicTIO pa-
AioMiHI nepenadi € Te, IO y HUX MOLWMPEHHS iHPOPMALLIHAX eNeKTPOMArHIT-
HHUX CHTHAJIB 30ifCHIOEThCA Yy TPHPOAHOMY, HABKOJIMIIHEOMY CepeaoBUL| (Ko-
cMoci, MoBITpi, 3eMsH, Boai Toino) [13].

KaGenbha ninis a8nie co60t0 CKaAHy (HKEHEPHY KOHCTPYKUIIO, SKa CKaa-
Ha€ThCs 3 HAMPAMHOT CUCTEMHM Ta eNIEMEHTIB il 3aXUCTY Bijl 30BHILLHIX HEraTHB-
HHUX BrHEiB. Hanpsamua cucTeMa BUKOHYE QyHKUIT pisuuHOro cepeaoBula Ansd
nepepadi inopmauifiHoro curHaty y 3agaHomy Hanpsamky. Taxi ¢isuuni Bmac-
TUBOCTI MAKOTh MPOBIAHUKH, ieNeKTPUKH i Oyab-siKka Mexka M0iNy CepeoBHIL, 3
PI3HUMH  €IEKTPUYHHUMH  BJACTUBOCTAMH (METall-ie/eKTPHK, JieNeKTPHK—
nositps Toio). HaiiGinbiuoro 3actocyBaHHs Habynu Taki HanpaMHi CUCTeMH,
SIK CHMETPU4HI TIPOBIAHMKHM ab0 KpyueHa mapa, KoakciaibHa fnapa NpoBiTHMKIB
Ta ONTHUHE BOJIOKHO. Ha OCHOBI LMX HampAMHMX CUCTEM B TeNEKOMYHiKaLlili-
HHX Mepexax BUKOPUCTOBYIOTLCA Taki OCHOBHI TWmH kabenis (puc. 4.1) [1, 6,
12]:
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— kabesi Ha OCHOBI KPpy4eHOT Napy MiIHHMX MPOBiJHMKIB (HeeKpaHOBaHi Ta
€KpaHOBaHI);

— KoakciajibHi kabent;

— BOJIOKOHHO-ONTHYHI Kabeni.

JTinii 38 a3Ky

|

BonoxoHHO . )
. Koaxkcianshi
-QMNTHUHIL

{
CuMeTpHUHI
(KpyueHa napa)

BesnpoBoaosi

PaniokaHanu Pasio-
MOOINbHI) pesieiiHi

PucyHok 4.1 — Knacudixatlis nini 38’43Ky

[ CynyTHUKOBI

Yym GiNbIIMi YacTOTHHMI Aiara30H HAMPAMHOL CUCTEMH, THM Oinblly Kifb-
KicTb iH(opMaLlii MOXHA NepenaTH JiHielo 38’A3KY. 3a3HaueH] HaNpAMHI cucTe-
MH MOKHa KnacuikyBaTn 3a JOBXKWHOIO XBHII Ta YaCTOTHMM Alama3oHOM iX
sukopucTanHs. Tak, CUMETDHIHA KpydeHa n1apa l'lpOBlIIHMKlB BUKOPHCTOBYE Ya-
cToTHui aianazod mo 10° ', koakcianbHa napa — Ao 10° T'u, onTHYHE BOJOKHO
- 10 10" T'u.

Be3npoBOIOBI TEXHOMONIT A03BOJIAIOTE CTBOPIOBATH KOMIT'KOTEPHI Mepexi,
WO BiAMOBIAAIOTh CTAHAAPTaM 3BHYAHHHMX MPOBOJOBHX Mepexk (HanpHkian,
Ethernet). Sk Hociii iHpOpMALINHUX CUTHAMIB B TAKMX JIIHIAX BUKOPUCTOBYIOTh-
¢4 pamioXBwli HaJBUCOKOTO aiamasory. Pamioniii mepeaaui yTBOpIOWOTCA Ha
OCHOBI NepejaBayiB Ta MpUAMadiB PajiioXBUIb, AKi BIOPI3HAOTHCS YaCTOTHHM
AianasoHoM, BIACTAHHIO Nepeaaui Towo. Po3pi3HAOTE Taki 6e3npoBofoBi ninii
nepenadi (puc. 4.1):

— pajiopeneini;

~ CYNMYTHHUKOBI;

— pazioKaHalH.

Jins  nepemaui  pamiofiHiAMM  BHKOPHMCTOBYIOTH  JliamasoHH  JIOBrUX
(30...300 xI'u), cepenmnix (0,3...3 MI'y) ta kopoTkux (3...30 MI'n) xsuns. Pa-
piopenefini Ta cynyTHHUKOBI NiHIi MPALIOIOTE B MeXkaX NpAMOI BUAMMOCTI Y 1e-
uumerpoeomy (0,3... 3 I'Tu) ta cantumerpoomy (3... 30 I'Tw) miamasonax
[14].

OcobnuBocTi pagioniniil Ta kabenbHUX NiHiA nepenadi inpopmauil Bu3Ha-
YalOTh X OCHOBHI BNAaCTMBOCTI Ta ramysi 3acrocyBaHHs. Tak paaioninii 3acToco-
BYIOTBCA JUIA Mepefaui iHGopmauii Ha pIi3HMX BIACTaHAX MDK pPYXOMHUMH
06’exTamu, aGo AKIO MiXk 06’ €KTaMH HEMAE MOXJIUBOCTI NIPOKIACTH KabenbHy
ninito. TIpy UbOMY AKiCTH NMepeaadi No paioNiHiAX 3HAYHO 3aNEKHUTH BiJ CTAaHY
HABKOJIMIIHBOTO cepenoBuia. CUrHan paniofiHii 3asHae CYTTEBOTO eNIEKTPO-
MarHiTHOFO BIIIMBY, W10 30i/blUYE 3aBafiKt Ta 3MEHLIYE HIBHIKICTh NepeaaBaHHs
indopmauii. [lepeparoio kaGenbHUX MiHIN € Te, 10 BOHK 3abe3neyuyoTh Heos-
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XiIHY SIKICTb MEpeNaBaHHA CHrHANIB, BUCOKY WIBHMIKICTh Ta 3a0e3reuyioTh He-
OOXiAHMH piBEeHb 3aXMCTY B/l TMX UM iHWIMX 30BHIlLHIX HETaTUBHHX BILIMBIB.
Hpu ubomy HeobXiaHOI yMOBOK CTBOPEHHS TAKMX JIHIH € BeNUKI KAMiTAI0BK-
MafieH s MiJ Yac BUTOTOB/IEHH, Oy 1iBHMIUTBA Ta eKCrUTyaTallii KaGebHIX NiHii
nepeaayi.

HopisHioroun nepeparn Ta HeONiKK KaGeNbHUX Ta pamioniHiii Heo6XiaHO
HaroJI0OCUTH Ha TOMY, L0 BOHHM HE NPOTUCTABIAIOTb, a AOTIOBHIOIOTH OAHA ONHY,
IO 1a€ MOXIMBICTb BUPILUMTH €AUHY r106abHy 3afaqy — CTBOPEHHS, PO3BH-
TOK Ta BOOCKOHANEHHA Cy4YacHHX TeNeKOMYHIKaLliHHUX Mepex, 30Kpema
KOMIIT'FOTEPHHUX.

CyuacHa ninis nepenaui apmsie co6010 CKIAAHY TeXHi4HY CHUCTEMY elleMeH-
TiB, ska I0BHHHA 3a0e3neyyBaTi LOBroTpUBANY Ta GesnepebiiiHy poboty. Tomy
OCHOBHHUMH BUMOTaMH JI0 CyyacHHX JiHii € [13]:

— 3AIHCHEHHs mepenadi JaHWX Ha NPaKTMYHO HEOOXiAHi BiacTaHi (Bin aecs-
TKIB | COTeHb METPIiB y MeXaX JOKaNbHOI KOMI'IOTEPHOT Mepesi 40 AECATKIB i
COTEHb KIIOMETPIB MU r0GanbHOT Mepeski);

— WIMPOKOCMYTOBICTh | NPUAATHICTE AMIA Mepeaadi pi3HOMaHITHUX BHIB Cy-
HacHoi iHpopmalii (nepesaua KOMITIOTEpPHUX NaHMX, TenedoHis, Tenerpadis,
BifeoTenedoHis, TenebaueHHs, TEJIEMETPis TOLIO);

— CTaGiNbHICTb €NEKTPUYHMX TA ONTHYHHX NApaMeTpiB JiHii, CTIAKICTS i Ha-
HifHICTL Nepefaul HaHWX B YMOBaX 30BHIIUHIX HeraTMBHHX BIUTHBIB (ymapis
OMCKAaBKH, eNeKTPOMArHiTHUX MOJIB eNeKTPUYHUX JIiHill mepejadi, 3amisHuuL
TOUIO);

— eKOHOMIUHICTh CHCTEMH 3B’SI3KY B LIIOMY.

Anapamypa niniidt nepedaui danux npauioe Ha ¢iznuHoMy pisHi Ta Biano-
BilJa€ 3a Mepe/laBaHHs Ta NPUIMAHHA CUIHaNiB NOTPiGHOT hopMu Ta HOTYXHOCTI
MDK KOPMCTyBa4aMu Mepesxi. ¥ JIOKalbHUX KOMIIOTEPHHX Mepexax 10 amapa-
TYpH repenayi JaHWX BiTHOCATBCA MOJEMH, MeNiakOHBEPTOPH, TepMiHalbHi
anantepu Mepexk ISDN, npuctpoi npueaHaHHs 10 UMPPOBUX KaHAMiB TOLIO.
[Tpn 1pOMY BUKOPUCTOBYIOTBCA Pi3HOMAHITHI JiHiT Mepesiayi, axi 3a6esneuyioTs
AKICHY Nepefiady CMrHaJliB Ha BiIHOCHO KOPOTKHX CErMEHTaX Mepexi Bill aecs-
TKIB METPIB 110 AeKi/bKOX KinoMetpiB. Lle kpyuena mapa, koakcianbhuit xabep,
onTH4Hi kabeni, pagionixii Towo.

Ko n0BxHMHa MiHIT Nepeaayi He J03BONAE OAHOMY MEPEKEBOMY afanTepy
NpuHMati CUrHan 6e3nocepeiHbO Bill iHIIOrO Mepex)eroro agantepa, ToAi 3a-
CTOCOBYETLCA NPOMDKHA anapatypa s NOJNIeHHs AKOCTi (1iACUIeHHs Ta pe-
reHepallil ) curHaiis Ta yTBOPeHHs MOCTIHHOTrO KaHamy MiXk ABoMa o6’ eKTamu
(abonentamn) mepexi. [1ns LLOrO 3aCTOCOBYIOTLCS MOBTOPIOBAMi, KOHLIEHTpa-
TOpH, MYJIBTHILIEKCOPH, AEMYBTHITIEKCOPH, KOMYTATOPH TOILO.

s anapatypa 3a3sBuuail BUKOPUCTOBYETbCS y MOGANBHUX KOMM'KOTEPHHX
Mepexax, /e HeoOXiAHO AKICHO NnepeiaBaTH CUIHAIM HA BiACTAHI y AeCATKHA Ta
COTHI KUIOMeTpIB.

Kpim Toro, komyTauiiiHe o6nagHaHHs A03BONAE PaLliOHANBHO BUKOPHCTO-
BYBATH JIiHIT repefati. 3a3Buyail MiXK MyIBTHUNIEKCOPAMH Ta KOMYTAaTOpaMmH
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BHKOPUCTOBYETbCA BHCOKOLIBUIKICHE CEpPeIOBHILE HA OCHOBI BOJOKOHHO-
ONTHYHUX KaGeliB, Mo AKUX OJAHOYACHO TIEPelalOThCA JaHi Bijl BEJIMKOro Yucia
MOPIBHAHO HN3LKOIIBHAKICHAX a0OHEHTCHKHX JIiHIH.

Jli UbOro BUKOHYKOTLCS MYJBTUIIEKCYBaHHS ab0 yWibHEeHHA Y KaHaH
nepeaaui naHux. Kananu nepenavi JaHUX MOXYTb OyTH OpraHi3oBaHi 32 NPUH-
uunom [9]:

~ yacoBoro (time division) yIlineHeHHS;

— yacrorHoro (frequency division) yuineHeHHs;

~ xeunboBoro (wavelength division) yuinbHeHHs.

Y BUMAJKy 4acOBOIO YLLi/NBHEHHs uepe3 piBHi MPOMixkkn yacy JiHieio me-
penatoTees Kampy (dpeiimu), posstisieni ycepenuHi Ha dikcopane uncno — 17
CNOTIB (32 KinbKICTIO KOpHCTyBadiB). KoXHOMY KOPHCTYBaU€Bi BUAINAETHCA ¢i-
KCOBaHMIit CIIOT yCepeauHi KoxHOro kaapy. YacToTHMi noain nonsrae y Buli-
NeHHI KOHOMY KopHcTyBaueBi (ikcoBaHOi 4acTOTHOI CMYFH MPOTYCKaHH:
BCEpEIMHI 3a/IaHOTo Aiana3oHy uyacToT. [Ipu cnekTpaneHOMyY YILiNBHEHH KOX-
HOMY KaHally BUAIIAETECA MEBHUHA (parMeHT CTieKTpa CHTHAItY .

4.1.2 XapaKTepUCTHKH JIiHiH nepena4i nanux

IndopMmauiiini curtany, sKi NepefaloTbea y NiHIAX 3B7A3KY, XapakTepn3y-
JOThCS MEBHOIO TPUBANICTIO, aMIUIITY/I0f0 Ta YacToTolo (criextpom). ITin vac rie-
penaui NiHiAMK 38’S3KY NapaMeTpH CUTHAIIB 3MIHIOIOTECA nix BrjMBOM (akTo-
piB, AKi Jil0TH Ha NiHilO Nepesadi 330BHi, a TakKoX (AKTOPIB, AKI 3yMOBJIEHi 0e3-
nocepenHbo Gi3uuHOK CTPYKTYPOIO HANPAMHOT CHCTEMH Lie Ainil. Tak, nig yac
nepeaadi iMIyJTbCHHX CHIHAIIB, XapaKTEPHUX ISl KOMIT IOTEPHHX Mepex, 308~
HilLHi Ta BHYTPILIHi BIUTUBU CMOTBOPIOIOTh HU3BKOYACTOTHI i BHCOKOYACTOTHI
apMOHIKM CTIEKTpa CHIHaily, WO NPU3BOIUTH 1O TOTO, 1O (POHTH iMnyJsbCiB
BTPAuaIOTb NpPAMOKYTHY (OpMY, @ 1, B CBOIO Uepry, MOXe NPU3BECTH N0
YCKMaJHEHHS PO3Mi3HABaHHA CWTHANIB Min wac nmpuiimanHs. Hepes e ninii Ta
anapatypy 38’A3Ky NpPUIHATO XapaKTepHU3yBaTH MEBHUM MapaMeTpaMH, sKi Bpa-
XOBYIOTb TOH UM HLIKIT BIUIMB Ha AKICTH Mepeaadi indopmauii. OCHOBHUMHU Xa-
paKTepUCTUKAMK Mepeladi JaHUX JiHIAMH KOMITFOTEPHUX MEPEX € [12,13}:

— 3racaHHs CUTHaIy,

— XBU/IbOBMH oMip;

— MPOMYCKHA 3/1aTHICTE;

— 3aBaJIOCTIAKICTb;

— nepexpecHi HaBeeH s Ha 6MKHBOMY KiHLI JiHIT

— KoediLieHT OITOBMX MOMUJIOK.

3zacanna — nocnabaeHHs TOTY)KHOCTI CHrHaly Mil Yac MOLMpeHHa Horo
1o NiHiAX nepenayi. 3a3puyail BUMIpIOeTbCA B AeLuOeNax i po3paxoByeTbCA 32
popmynoto [12]:

A=10-1g(P,./P.), @.1)

sux
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1€ Py Pux — MOTYXXHOCTI CHFHAY BiATIOBIZHO Ha BUXOAI Ta HA BXOAI MiHIT me-
penaui.

Ans xabenbHMX JliHIH nepenadi sracaHHs Ha | KM NiHIT Ha3MBaEeTLCA Kino-
MeTpuuHuM. HaiiMeHlue 3racaroTh CUIHaNlM B ONTHUYHMX JiHIAX. Tak, Kinomer-
pUYHe 3racaHHs CMIHamy Ha JoBKHHI XBui 1550 uM ctanosutb 0,2 ab/kM, a Ha
nomxkuHi xpuni 1310 HM ctaHoBUTh 0,3 nb/kM. 3racaHHs CMrHany MpH nepena-
BaHHI Ha BeNUKI BIICTaHi KOMIEHCYETbCA 3aCTOCYBAHHAM PETPAHCAATOPIB, IO
HiICKITIOIOTE | BITHOBMIOKOTSH Horo dopmy [14].

Xeunvoeuii onip — ue onip, kUit 3ycTpidae e1eKTPOMarHiTHa XBUJIS NpH
TIOUIMPEHHI y3IOBX OAZHOpigHOI JiHil 6e3 BiAOWUTTA, TOOTO 3a YMOBHM, IO Ha
npouec nepeaadi He BIUTMBAIOTh HEY3TOHKEHOCT] Ha KiHUAX AiHil. BiH Bnactu-
BHI JaHOMYy THIy KaGento, € HOro XapakTepUCTUKOMO i 3a/1eXKUTh JIMILE BiJ Horo
NEepBUHHUX NAPAMETPIB i YACTOTH CTPYMY, 1O NepegaeTscs [12]:

Zw=J(R+ joL)(G + jaC) 4.2)
ne R, L, G, C — aktuBHU#l onip, iHAYKTUBHICTb, MPOBIAHICTE Ta EMHICTb JiHIT
nepenavi, BiAMOBIAHO;

@ — KyTOBa 4acToTa.

Jas ineanbHOi napu NpoBiAHUKIB XBHJILOBUH OMNip noBHHeH 6yTW OJHAKO-
BMM 110 BCiH JIOBXHMHI JHiHIT, OCKiJIbKM B MiCHAX HEOIHOPIAHOCTI XBUJILOBOTO
onopy BUHMKAE BIIOUTTA CUrHaNY, IO NOTipIUYE AKICTh NepenaBaHHs iHdopMa-

i. HeomHOpIAHICT XBHJIBOBOrO ONOPY 3yMOBJEHa HEPIBHOMIPHICTIO KpPOKY
cxpyquaHHﬂ B KpyUeHiii mapi, nmeperuHy kabento npu iloro npokiaiaxHi, pis-
HHMX MeXaHiuHMX fedekTax (HarpyKiaj, 3MiH{ TOBLIMHHM NPOBIIHUKA BHACITIJOK
po3TAryBaHHs). 3a3Buuail KpydeHa TMapa Mae XBWJIBOBMII omip 3rigHo 3
ISO/IEC 11801 (100 Om, 200 Om a6o 150 Om) £15% (Ha uacroTax Oinblue
I MI'n). 3a cBoero ¢izMyHOK NPHUPOAOID, WO TAKOX BUXOAUTH 3 HaBeJeHOT ¢o-
PMYJIH, BeJUUNHA Z,, HE 3aN€)XUTh BiJi NOBXHUHU XBWIII Ta NoCTilHa B Oyab-aKii
TOYL KOJIa.

Iponyckna 30amuicmb — 00CAr JaHUX, L0 [IEPEAAETHCA 3a OAUHHULIFO Yacy.
MakcuMalbHa WBHAKICTh NepejlaBaHHA JaHuX 6e3 MOosBH MOMMNOK (MPOIycKHa
3JaTHICTB) pa3oM i3 3aTPUMKOK BH3HAYalOTh NMPOAYKTUBHICTh NiHIT mepenaui.
3rinHo 3 Teopemoro llleHHoHa—XapTii TEOPETHMYHO BEPXHS MeXa UIBHIKOCTI
nepenaeanHs iHdopMauii, AKy MOKHa epeaaTtH i3 3alaHOI0 CepeIHBOK TOTYXK-
HICTIO CMTHaNy S Yepe3 OJMH KaHal fiepeaadi, 1o NiagaeTbes aganTUBHOMY Oi-
JIOMY rayciBCbKOMY LyMYy rotyxHicTio N, nopiestoe [1]:

c=Blog,(1+S/N), 4.3)
JIe ¢ — €MHICTb KaHajly y 6iTax 3a CeKyHAy;

B — cMyra nponyckaHHs KaHany B repuax;
S/N — cniBBIIHOIEHHA CHIHAJI-LUYM.
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Ba3oBa oavHuLA BUMIPIOBaHHS IWBHMAKOCTI NepefaBaHHd — 6iT 3a CEeKyHOY
BUKOPHCTOBYETBCA Ha isnuHoMy piBHi MepexeBoi moaeni OSI abo TCP/IP.
[lIBuakicTs MepeaaBaHHs KOPUCHUX AAHHX 3aBX/IM MEHILA 3a LWUBHAKICTb Mepe-
AaBaHHA iHGOPMAUIMHUX AAHWMX Yepe3 HaABHICTb Y MepeKeBUX MNpPOTOKOMax
OKpiM HaBaHTaXXEHHS MPOTOKONY We 1 CIyk60BHX 3ar0JIOBKIB.

3aeadocmiiikicmy — 30aTHICTh JiHIT Nepenayi 3MEHLIYBaTH piBeHb 3aBaj,
IO BUHHKAIOTh Y 30BHILHBbOMY CEPElOBHILI Ta y BHYTpILIHIX MpoBigHKKax. Lla
30ATHICTb 3AIeXXUTh Bill XapaKTepuCTHK (PI3MYHOTO cepeaoBuIla HANPAMHOT CH~
cTeMH Ta 3aco6iB 3aXMCTY JiHii, IpU3HaUYEHHX [UIS eKpaHyBaHHA | yCYHeHHd 3a-
Bag. HaliMeHIIOW 3aBafloCTIMKICTIO 0 30BHILIHIX eNeKTPOMarHiTHHX BIUTHBIB
XapakTepusyroThest pagionitii. Cepes kabenbHUX NiHil Haibinkiue MiagaroThCA
30BHILIHIM BILIMBaM CHMMETpPUUHi diHil. HaliMeHI 4yTIMBMMU 10 3aBaj € BOJIO-
KOHHO-ONTHYHI ninil. OanH i3 Haibinbll MOLIMPEHHX crnocodiB 3MEHIUEHHA
BMNJIMBY 30BHIIUHIX eleKTPOMArHiTHUX BIUIMBIB Ha KabenbHi Ninil — Lie expaHy-
BAHHS Ta CKPY4yBaHHs NMPOBIJAHHKIB.

Hepexpecui Haseoennsa na 6auxcuvomy kinyi (Near End Cross Talk,
NEXT) Bu3HauatoTh 3aBafocTiiikicTs kabento 0 BIACHUX BHYTPIIUHIX [uKepen
3agaq. Bumiptoetbes y peunbenax. BHyTpiluHi 3aBaay BUHMKAIOTL NPH nepeaa-
Ui eJIeKTPOMArHiTHOrO CUrHany Io napi npoBiAHKKIB, AKI HABOAATH Ha iHILY na-
Py NpOBIAHKKIB CHrHaN-3aBady. SIKkLIO 10 Apyroi mapu nia’€AHaHO NpuiiMad, To
HaBe/eHa 3aBajfia Moxke OyTu cnpuiiHaTa Ak kopucHHH curHan. [Tokasauk NEXT
pO3paxoBy€eTbCA TaKUM YHHOM [12]:

NEXT =10-1g(P,./P,,), (4.4)

61X nue

ne P, — NOTYXHICTb BUXIAHOTO CHIHANY;

P45 — NOTYXHICTb HABEAGHOrO CUTHANY.

Yum meHwe 3HavedHs NEXT, tum kpamwmii kabens. Hanpuxnan, ang kpy-
uenol napu kareropii 5 3HaueHHs NEXT noeunno 6ytu ve 6inbmum 27 ab npu
yactoTi 100 MI'u. [Mokasuuk NEXT 3a3BH4ait BUKOPHCTOBYIOTE Ul KabeniB i3
JleKinbKkoMa KpyueHuMH napamu. Ilpy nepenaBaHHi AaHHX N0 NEKiNbKOX Kpyue-
HUX napax OJHOYACHO AN BH3HAYEHHsA 3aBaJIOCTIHKOCTI TAKOX BUKOPHUCTOBY-
10Th nokazHuk PowerSUM. lieit nokasHuk — moaudikauia NEXT. Bin Bino-
Gpakae CyMapHy MOTYXHICTh IepexpecHUX HaBeleHb Bi BCIX nepejaBalbHHX
nap y kabeni.

Koedghiuienm 6imosux nomunok (Bit Error Rate, BER) xapakrepusye iAmo-
BipHICTh NOMMIIKOBOrO NMpuitomy | 6iTa i BU3HaYaeTLCA 3a popmyJiomo [12]:

BER = Nw-mr / Nhl!.\’ > (4‘5)

€ Npor — KUIBKICTH IOMUIIKOBO NPUIHATHX OITIB;
Nyj,y — 3aranbHa KiJbKiCTh Nepeganux OiTie.
Benuunna BER ansa kaHanie nepenaui 6e3 1o1aTKoBHUX 3aco0iB 3aXHCTY Bi
MOMMWJIOK CTAHOBUTD, K MPAaBHJIO, 10 - 107, Y BOJIOKOHHO-OMTUYHUX JIHIAX —
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10°°. Skmo koediuieHT GiTOBMX MOMEIOK JopiBHIOE 107, To e 03HauaE, WO B
cepeansoMy i3 10000 OitiB cmoTBOproeThCs 3HaUeHHs oHOro 6ita. CHOTBOpEH-
#a 6itiB BinOyBaeThCA AK 3a paXyHOK 3aBaj y JiHIT nepedady, Tak i uepes cro-
TBOPEHHS (POPMH CHIHaly 0OMEXEHOK CMYroro MporyckaHHs miHil. ns nig-
BHUILEHHA KoedilieHTa 6iTOBMX MOMMWIIOK Nepenayi JaHWX HeoOXiAHO MiABHULILY-
BaTH 3aBAJOCTIHKICTL MiHIT Mepenadvi, 3MeHILyBaTH piBeHb MEpPEXPEecCHUX CIo-
TBOPEHb Y Kabesli, BAKOPUCTOBYBATH LUMPOKOCMYTOBI NiHiT nepeaavi.

4.1.3 KabenbHi Jinii 38’s13Ky

KabenbHa miHisA 3B’A3KY € CKIaHOIO iHXEHEPHOK KOHCTPYKUIEK, sKa
CKJIafa€eThCA i3 kabesniB 3B’ 43Ky, IO MICTATEH BIAMNOBIAHY HAaNpsAMHY CUCTEMY, MO
AKilM 3AiHCHIOETBCS Tepeaya curdany, MyGTd ans 3’eanaHHs OyaiBeNbHUX 10-
BXKMH KaOeniB Ta BIAWITYBaHHS PO3rany>KeHb TeIeKOMYHIKaLlifHOT Mepexi, KiH-
LUEBOro KpocoBOro oOsagHaHHA i3 po3’eMaMy (KOHEKTOpaMmu), 3 IOMOMOrow
AKMX MOXkHa Ge3nepeilKofHO NiA’eqHyBaTH anaparypy Nepejayi AaHHX A0 Ji-
Hii, @ TAKOXX PI3HOMAHITHI NPUCTPOT 3aXUCTy JIHII Bifl HEraTUBHUX BIUIMBIB, Ha-
NpUKIaA, 3a3eMIIEHHS, KOHTPOJBHO-BHUMiptoBanbHi nyHkTH (KBIT) Touro
(puc. 4.2).

Tenexkomy- ‘ Kabens 3B 3Ky ‘

Tenekomy-
Hikauifina KBI1 KBII HiKauiiHa
waga wada
Kinuesnit _L“ Mydra My¢ra \ *é‘ Kinuesuii
NPUCTPIH npama m T\ | posranyxky npUCTpiit
BaNbHA

Anapatypa Anaparypa
Hactinnuit 60k
Kinueswuit

TIPUCTPIi

PucyHok 4.2 — Ctpykrtypa kabenabHol NiHii 3B’43Ky

IcHytOTh pi3HOMaHITHI Kabei 3B’A3Ky, AKI MOXKHA KlacudikyBaTd 3a npus-
Ha4yeHHAM, YMOBaMH 3aCTOCYBaHHs, CrlocoOOM Mpok/iajaHHsA, KOHCTPYKTHBHUM
Ta TEXHOJOTIYHUM OCOOIUBOCTAM TOLIO. 3rigHo 3 kiacHdpikauiero MCE-T mo-
AKHa PO3ALIUTH Kabesl A/ BHYTPILHLOrO Ta 30BHILUHLOrO NPOKIaaaHHs. 308~
HilHI MeXxaHi4Hi Ta XiMi4Hi BIUIMBY MOXYTb MPU3BECTH 10 IMOTIPLIEHHA OCHOB-
HHUX NapaMeTpiB HaNpAMHUX cHcTeM. ToMy KOHCTPyKLis kabesio MOBMHHA 3a-
Ge3rnevyBaTH 3aXUCT HAMPAMHUX CUCTEM K M 4ac X BUrOTORNEHHS Ha 3aBOAI,
TaK i MiJ 4ac MpoKJafaHHs Ta eKCIuTyaTaltil.

OcHOBHI MexaHi4HI Ta KIiIMaTH4HI XapaKTepucTHKu kabesis 38°a3Ky [(2]:

— JIONyCTHME po3TATyBalbHe 3ycunns, kH;
— J[OMyCTHMe po3JaBtoBaibHe 3ycuins, H/1000 mm;
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— cTidKicTb a0 yaapy, Hm;
— MiHiManeHUH pasiyc 3ruHy, MM;
— piana3oHu poGo4Mx TemnepaTyp 30epexeHHs, MOHTaxKy, °C;
— CTIAKICTb 10 MOB310BXKHbOr0 NPOHUKHEHHs BOJIOTH;
—  CTIMKiCTh 10 TOPIHHA.
OCHOBHHUMH KOHCTPYKTHBHHMH eJleMeHTaMu kabeliB 3B’ 43Ky €:
—  HanpsAMHa CHCTeMa;
~  kabenbHa 000NOHKa,
—  eKpaH;
—  CHIIOBi €IEMEHTH;
—  3aXWCHE MOKPUTTA.
Ha choronHimniit feHb y KabeabHUXK JHIAX 3B’A3KY HaiOiNbLIe BUKOPHCTO-
BYIOTbCA TaKi HampsAMHI CHCTEMH, AK KpydeHa napa NpoBiIHHKIB, ONTUIHE BO-
JIOKHO Ta KoakcianbHa nmapa (puc. 4.3).

a

PucyHok 4.3 — Ka6eni 38’s13Kky: ¢ — kabeni Ha OCHOBI KpyUeHoi napH;
6 — KoaKcianpHi; 8 — BOJJOKOHHO-OITTHYHI

HanpsMHa cucTeMa 3aXMLAEThCA KabenbHOK 0GOJIOHKOM, AKa ABJAE CO-
oto HemepepeHY MeTanesy abo ronieTuneHoBy Tpyoky. Haltacriuie 00010HKy
BUFOTORAAOTS 3 MOJIETHIIEHY, KU Mae rapHi Gi3nuHi Ta nieneKTHYHI BIACTH-
pocti. [onieTuneH nepemKokae NPOHUKHEHHIO BONOTH B Kabenb, MpoTUiie
BIUIMBY HM3bKUX T2 BACOKUX TEMIIEPATYP, @ TAKOX MA€ 3[aTHICTH He 3MIHIOBATH
¢BOT (Bi3MYHi BIACTHBOCTI 11 BIINBOM MepenajiiB TEMIEPaTypn HaBKOJIMIIHBO-
ro cepenoBUILA. XapakTePH3YEThCA FAPHOKO CTIHKICTIO 1O ynsTpadioneToBoro
BMIPOMIHIOBAHHS, PI3HHX XIMiYHMX Ta MEXAHIYHUX BILIMBIB TOLLO.

OGonoHKK Kabemo Wi 30BHILUHBOrO MPOKNaJaHHs] BUIOTOBIAOTECA 3 MO-
fieTHAeHY Pi3HOrO CTyneHs winbHOCTi. Haliinbu MiUHMM € NOJieTHICH BHCO-
xoi winsHocTi — HDPE (High Density Polyethylene), 110 BUKOPHCTOBYETHCA
JUTA BUFOTOBNEHHs KaGeniB Ans MpoKIafaHHa y rpyHTi abo kabenbHil kaHami-
sauii. OBononka 3 molietuaeHy cepeaHboi winsHocti — MDPE (Medium
Density Polyethylene) BUKOPUCTOBYETBCS Yy GiNbIIOCTI KOHCTPYKLIH kabenis
3p’s3ky. [lonieTunen uuspkoi winsHocti — HDPE (High Density Polyethylene)
BUKOPUCTOBYEThCA Yy KaGendx 3 MeTanepoto GpoHero. 3okpema B KOHCTPYKLIT
TakuX kaGeniB 3OBHILUHIM 3aXucCHMM WIMAHr BHKOHYyeThess i3 MDPE-
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TOJIETHIIERY, a BHYTpIlHA 060/I0HKa, 1O 3HAXOANTHCS nix craneeowr 6poHero,
BUTOTOB/IAETECA i3 nonietuneny HDPE [13].

Kabeni nns npoknapamns Bcepenuni OpUMIlLEHb, Ha [POMHCIOBHUX
06’ekTax, B TyHeNnIx METPOIIOiTEHY NOBMHHI BiAMOBIAATH BUMOTaM OXEKHOT
Oesnexu. Tomy 060M0HKa TakuX KabefiB He MOBMHHA NiATPUMYBATH FOPiHHA
(Non propagation of flame), He noBMHHA BUAINATH raforenis (Low Smoke Zero
Halogen) Ta iHwmMX ToKCHUYHMX COOJIYK y BHUIMAAKY BMHMKHEHHs Moxexi. Jns
UBOro 060JIOHKY Kabeso BUrOTOBAAIOTH i3 noJliBiHIAXI0pMAy a6o nonietunexy,
A0 CKITafy AKOTO BHOCATECSA CAeLianbHi XiMiuHI 106aBKH.

[Ans 3axucTy BiA eneKTpOMArHiTHUX BOMBIB 10 CKAany kabenmo MOXyTb
BXOJIMTH Pi3HOMAHITHI eKpaHHu.

Ans 3abesneyenns HeO6XiAHOT MeXaHiIYHOT MILHOCTI Ta 3anoGiranHs BEJIU-
KMX MEXaHIYHHMX Halpyl' y KOHCTPYKLIilO KabemiB 3B’43KY BBOIATECA CUIIOBI
enemeHTH. Malixke y BCiX KaBesx BHKOPHCTOBYIOTbCS KUBJIAPOBI HHUTKH, fKi
HaBUBAKOTLCA Ha 0cepas Kabemmo i 3a6e3neuytoTh MiHiManbHO HeoBXiaHe po3Tsi-
FyBanbHe sycuina B 1000-2000 H. [lns 36inbiueHHs MexaHiunol MilHoCTi 3a-
CTOCOBYIOTH ONMH LEHTPaNbHUI a00 NBa GiYHMX CHJIOBHX eMeMEHTH, AKi Mo-
KYTb 6yTH HieNneKTHYHUMM a60 MeTaneRUMH. Konetpykuis 3 uentpansHum cu-
JIOBMM €NeMEHTOM N0Ja€ THYYKOCTI Kabemo, a KOHCTPYKLIA 3 ABOMA GiuHHMH
e/leMeHTaMu 3abesnievye Ginbliy CTifiKicTs 10 yBapiB PO3TAryBalbHUM HaBaH-
TaxeHHAM. [lns 3abe3nevenns HalGIIbIION CTIfKOCTI 10 30BHILIHIX MeXaHIYHMX
1 e/IeKTPHYHMX BIUMBIB, A TAKOXK JUIA 36iTbIICHHS PO3TArYBalbHOTO 3YCHIIA B
ACCATKU KIIOHBIOTOH 3aCTOCOBYIOTH KabenbHy GpOHIO ~— YacTUHY 3aXHCHOTO
MOKPUTTSA i3 METaNeBUX CTPi4OK a60 OJHOIO YU AEKiNbKOX lapis MeTaseBux
NPOBOJIOK.

30BHILIHIM eNleMeHTOM KabeniB 3B’A3Ky MOske OyTH 3axMCHUH wimaur — cy-
UifbHA BUMNpecoBaHa Tpy6Ka 3 miacTMacy aGo PE3HHH, po3MillleHa TTOBEpPX Me-
Tanesoi 060JI0HKH abo expaHa kabebHOro BUPOGY.

3axucT Micub 3poillyBaHHa GyiBeNbHUX A0BXMH Kabenis Ha perexepauiii-
Hill AUIAHUI BUKOHYETLCA 3a JOMOMOrOIO 3’€AHYBANLHIX 3aXUCHUX MY(T, sKi
MOXYTb OYTH NPAMUMH a00 Po3ramyKyBaHHMH (puc. 4.4). 3 ornapy Ha crieuu-
¢iuni ocobmBocTi KoHCTPYKLIi Kabeso 3B’13KY, KOHCTPYKLUis 3’ €AHYBaNbHOI
My(TH Ma€e 3a0BONLHATH TaKi OCHOBHI BUMOIH SIK FePMETHUHICTD, 3aXHUCT Mic-
A 3"€AHAHHA Bijl MEXaHIYHUX HABAHTAXKEHb, BUKMIOUCHHA MOMKIUBOCT BUTATY-
BanHA KaGelto 3 MydTH Ml Ji€lo MeXaHIYHUX HABAHTAXKEHD, 3a6e3MedeH A e
KOTo I0CTyMy 10 Miclpb 3’€IHAHHS TIPY NPOBEACHHI PEMOHTHO-NPOdINTaKTHIHUX
PoBiT, MOXKJIMBICTE TOBTOPHOrO BUKOPUCTAHHS MyTH.

Hns npuenHanHs obnaaHaHHsA 4o il 3B’3Ky BUKOPUCTOBYIOTECA Clielia-
JbHI KiHUEBI NpUcTpoi, GOKCH, MIIHTH ToLLO. 3okpema, onTHuHI JiHiT 3aKiHuy-
toTbea npuctpoamu ODF i3 konekTopamu, kabeni i3 kpyueHoro Napor MOXyTb
3aKiHYyBAaTHCh Ha crewiaibHUX muintax DDF  a6o HOpoCTO O3’ EMHUM
3’eaHauHAMH  towo [12].  Kinuesi NpUCTPOi  pa3oM i3  mpuiiMansHo-
nepeaaBanbHuM 06/1aAHAHHAM PO3MILLYIOTECS Y TeNeKOMYyHiKalifHuX wadax,
CTiKax po3mipom 19" a6o y HABICHMX HACTIHHUX GOKCax (puc. 4.5).
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PucyHok 4.4 ~ MydTn kabenbHUX JiHiH 38’ a3Ky:
a— mydra FOSC-400A4 ans onTU4YHUX KabelliB;
6 — mydra MIT 115 cuMeTpuuHHX Kabenis

6

Pucynok 4.5 — KiHuesi npuctpoi niHiii 38’ A3Ky:
a — ontuuni naneni ODF y TenekoMyHikauifiHii wadi;
6 — enextpuyHi nninti DDF y HaBicHOMY HacTiHHOMY GoKci

Po3’eMHi 3’€HAHHA BUKOPHCTOBYIOTBCA Y CYYaCHHUX TeleKoMyHiKalifiHux
Mepexax s 3’eHaHHs KaGeniB 3 npuiiManbHo-TepeiaBaibHMM Ta BUMIpIOBa-
NbHUM OONajHaHHsA, KOMyTauii KaHaniB, aGoOHEeHTIB Towo. Benuka xinekicts
pO3’€EMHUX 3’€[HaHb BUKOPUCTOBYETBCA Y MEPEeXaX AOCTYMY, OCKiNbKM BOHU
3a6e3nevyIoTh 3HaUYHI MepeBard 3 TOYKH 30py FHY4KOCTI Mepexi, 3py4HOCTi Te-
CTYBaHHs, yCYHEHHs MOIIKOMKEHb TOLo. MexaHiyHa KOHCTPYKILA po3’eMHMX
3’€IHyBauiB 3yMOBJIIOE BUHUKHEHHS 3racaHHA Ta 3BOPOTHOTO BiAOMTTS CUTHAly
y Micui 3’eananHs. PiBeHb 3B0pOTHOro BiiOUTTA BU3HAYAE PiBeHb WIYMIB Yy NiHil
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38’43Ky. Llell napameTp Mae BelMKe 3HAYEHHS [N BHCOKOLIBMIKICHUX CHCTEM
nepenadi JaHuX. IHIIMI MapaMeTp — 3racaHHs B PO3’€MHUX 3°€IHAHHAX CTA€ Bi-
AUYTHHM Y MICLEBHX MEpEekax, e BUKOPHCTOBYETHCA BENMKA KilbKICTh TAKHX
3’€HaHb 1711 KOMyTauii aSOHEHTIB Ta KaHaliB nepenayi JaHUX.

Hns 3abesneveHHs HapifiHoi po6otu  niHiii 3B°A3KY 1O KOHCTPYKIUIT
PO3’€MHOrO 3’€7IHaHHA BUCYBAIOTLCA KOPCTKI BUMOTH. P03’ eMHi 3’€IHaHHA 110-
BHHHI MaTH BeJMKHii pecypc poboTu i 3abesneuysatu BEJIMKY KiflbKICTb MOBTO-
PHUX LMKIIB po3’€NHaHHA—3 e€AHaHHA. EeKTHBHICTb 3’€AHAHHS He NOBMHHA
3MIHIOBATHCh BHACIIOK 36iNbIIEHHS HABAHTAKEHHS Ha KOpnyc 3’eaHyBaua,
HanpuKnaj, Mpu HaTAryBaHHI kabeno. Po3’eMHI 3’enHaHHA He TIOBMHHI norip-
LWIYBaTH CBOI MAapaMeTPH Iifl BILIMBOM 3MiHM TEMNEPaTypH, BOJOTOCTI, nepena-
AiB TUCKY, Bibpauii Towmo. 3pewToro, npoueaypa po3’eaHaHHs—3’€[HAHHA NOo-
BHHHA §YTH MPOCTOKO | ZOCTYIHOIO T4 He 3aliMaTti 6araTo 1acy. Ha puc. 4.6 na-
BEJICHO 3DpA3KU PO3’EMHUX 3’€[HYBAUiB, AKi BUKOPUCTOBYIOThCA B CYUacHMX Jli-
HisfAX 3B’ A3Ky.

RJ-45 Male

PUg o ecaggq 12345678

|

|

Pucynok 4.6 — Po3’emni 3’ ennanHs niniit 3B’A3KY:
a —ontuuni poz’emu FC 1a ST; 6 - pos’em RJ-45 kpyuenoi napu;
6 — KoakcianbHui po3z’em BMA

Ilpoknanants kabeTbHUX JiHil 3B°A3KY HA CHOTOAHIUIHIN 1eHb BBAKACTLCS
HaWGiNbIn HAZIHIM Ta MEpCTeKTHBHEM CHOCO60M po30yn0BH KOMIT IOTEPHHUX
Mepexc. Ilpn ubomy 3abesneuyeThess HU3bKa HMOBIPHICTD MOLIKOIKEHHS Ta Bl
BEJICHHA i3 1ajly BONOKOHHO-ONTHYHMX MiHiil 3B’13Ky. 3aneHo Bin YMOB npo-
KIafaHHA BUKOPUCTOBYIOTBCA Kabelli 3i CeliaibHUMK eleMEeHTaMH KOHCTPYK-
Uif, siki 3a6e3MeuyroTh 3aXMCT Bill THX 4M IHIUMX BB 30BHILUHIX HEIATUBHUX
}isuunuX Ta XiMiunnx Brnmeis. Tak, y MaricTpanbHUX ONTUUHUX Kabensx, o
MPOKNIANAIOTLCA 6€3M0CEPEaHBO Y IPYHTI, A 3aXMCTY Bill MEXaHIUHMX MOWIKO-
AXKEeHb Ta IPU3YHIB BUKOPUCTOBYETHCA CrelianbHe OpOHENoKPUTTI y BUrAAA
CTaneBoi roposaHoi cTpiuky. 30BHI Hall GPOHENOKPUTTAM HAKNANACTHCS 3aXi-
CHMI TIOJIIETHIICHOBMH LUTAHT, AKMI 3aXHLIAE Bij MPOHUKHEHHA YcepeauHy Ka-
Geno BONOrH Ta IHIIKX XIMIYHUX PeHOBHH, SKi NMpU3BOAATE A0 KOPO3il MeTalle-
BUX €IEMEHTIB Ta MOWKOKEHHs HANPAMHOI CHCTEMH Kabeo [14].

62




[Tpu uboMy kabeni 3 METANIEBUMH €lleMEHTAMH MOXYTh MiJ1aBaTHCh 30B-
HilIAIM eNeKTpOMarHiTHUM BruiMeaM. Ha nindHkax Tpacu, Je HMOBIpHICT He-
fe3nevHnx yaapie GNMCKABKY NEpeBHILy€e NOMYCTHME 3HAYEHHS, a TaKOX y Mi-
CLAIX MapaiebHOro 30/MKeHH ONTHYHOro Kabemto 3 BUCOKOBONLTHUMM JliHiA-
MH eJleKTponepeaadi UK eneKTpudikoBaHUX 3ali3HULE BUKOPHCTOBYIOTh 3a3¢M-
JIEHHSI METAJIeBOi 3aXHUCHOT 060NOHKM onTH4Horo kaGento. Ilum gocaraeTscs
Hesneka o6CTyrH BOJIOKOHHO-OMTHYHHX JIiHIH 3B°A3Ky NPY BUKOHAHHI PEMOHT-
HUX aBapiiHUX POBIT, @ TAKOX 3aXUCT Bill MPOGOIO i30/1ALIT OIITHUHOTO Kabeno.

VY Micusax 3a3eMIleHHs MeTaleBHX eJIeMEHTIB ONMTHYHOro kabemto ynawmTo-
BYIOTb KOHTPOJILHO-BHUMIPIOBaNBHI MyHKTH, Ki BUKOPHCTOBYIOTHCA [JIS KOHT-
POJIO  eNEKTPUYHMX NapaMeTpiB 3aXUCHUX eNleMeHTIiB kabemo. ¥ Mmicuax Bera-
HOBMEHHS KOHTPOJIbHO-BUMIPIOBAILHUX MYHKTIB Ma€ BUKOHYBATHCA FajlbBaHiy-
HUI pO3PUB METANEBHX €JIEMEHTIB ONTHYHOro Kabemto 3 BUBENEeHHsM IX Ha KOH-
TPOJNBHO-BUMIPIOBAIBHHI MYHKT T2 3a36MJIEHHAM Ha JiHiAHO-3aXMCHOMY 3a3e-
MieHHi. SIKIIO y NpUMILleHH] BBEAEHHA OMTUYHOrO Kabemo He BMKOHYEThCHA
nepexia niHiHHOTo ONTHYHOro Kadeso Ha cTaHLIHHKI onTryHMA Kabens B 060-
NOHL, 0 HE MOLUMPIOE TOPIHHA, TO Mae 3AIACHIOBATHCA TaNbBaHI4HUA po3pus
METaNeBHX eIEMEHTIB ONTHYHOTO KaGeso 3 1X 3a3eMIeHHAM 3 JiHiliHoro 6oky
Ha JiHIAHO-3aXMCHE 3a3€M/EHHA 4epe3 KOHTPOJbHO-BUMIPIOBAanbHi IyHKTH.
[Tpu ubomy Kabesb y MpHMILIEHHI MPOKNANAETECA Y CreianbHUX rodppoBaHuX
Tpy6ka abo kopobax, ki He MiATPUMYIOTh FOPiHHS.

4.1.3.1 OnTuyni kademi

Onmuune sonokno (fibre optic) BUKOHYE (PyHKUIT HAMPAMHOT CHCTEMU IS
fiepefaui ONTHYHOrO CHTHANY Y ONITHYHHX KabenpHUX MiHiAX 3B’A3Ky. OnTuyHe
BOJIOKHO € JieNeKTPUYHHUM XBHJIEBOJOM, IO CKIANAETHCS 3 LMIIHAPUYHOL cep-
HEBMHH, Y AKiH NOWMPIOETLCA ONTHMYHKUIA CUTHA, Ta 30BHILUHBOT 0OO0/OHKH, Ka
BUKOHYE (PYHKILIIO BHYTPilIHBOTO A3€pKaa Ta yTPUMY€E CUTHal B MEXaX ceplie-
BUHU MO BCIM JOBXMHI onTHYHOro BonokHa (puc. 4.7) [1, 15, 16]. 3rigHo 3 npo-
MEHEBOIO TEOPIEI0 MOWMPEHHS ONTHYHOTO CUTHANTY Y CepLEBHHI ONITHYHOTO BO-
JIOKHa BifOyBa€eTbCs 3aBIAKU eheknmy NOBHO20 BHYMPIWHL020 6i06UmMmMs ONTU-
YHOIO CHMHANY Bill MeXi MOAiNy cepefoBHLU cepleBUHA/000I0HKA, AKI Biapi3-
HAKOTbCA NOKUIHUKAMU 3CTOMIEHHS.

3axucHe

NoKpUTTS

ONTUYHMIA obonoHka

Ccurdan

cepuesunHa

PucyHok 4.7 — CTpyKTypa ONTHYHOIO BONIOKHA
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V ONTHYHOMY BOJIOKHI NOKa3HHK 3allOMIIEHHS CEpUEBHHM h; Oinpmmit Bil
MOKa3HUKA 3aI0OMJIEHHS 000JIOHKH #1,. 3a/I€XXHO Bill KyTa nagiHHg ¢, ONTHYHOTO
MpOMeHA Ha MeXy NOAITY CepeJOBUII CEpLEeBUHA/000/0HKa YaCTHHA ONTHYHO-
ro BUIIPOMIiHIOBAaHHSA BiAOMBAETHCA MiJl KyTOM BIOOUTTA 6, | MOBEPTAETLCA Y ce-
pueBuHy (8iabutrs Openens), iHIUA YaCTUHA 3ATOMIIOETHCA Mil KYTOM 6. Ha
Mexi nmoainy i poscitoerses y obonosui (puc. 4.7). CurHan, sKuil noTpanus B
06OJIOHKY ONTHYHOTO BOJIOKHA, 3aracac eKCHOHEHWiiHO. 3riiHo 3 3aKoHOM
Cueniyca, M KyTOM MaJiHHA Ta KyTOM BiAOHTTA icHye Taka 3anexHicTs [15]:

n sin(6,) =n,sin(6,), (4.6)

A€ hj, Ny — OKA3HMKHK 3aJOMJIEHHs CEPUEBHHH Ta 0GONOHKH, BiLMOBIHO;

6, , 8, — KyTH Na/liHHs Ta BigOMTTA, BiANOBIAHO.

SIKI10 ONTUUYHE BUMPOMIHIOBAHHA CIPAMYBATH HAa TOpellb BOJIIOKHA, TO Mpo-
MeHi 6ylyTh BXOAMTH B HBOTO MiJ Pi3HUMH KYTaMH BifHOCHO O ONTHYHOT OCi.
YactuHa HMX MPOMEHIB, 10 HAJXOATh Mill BEJIUKUM KyToM, OYIyTh Onpa3y BH-
XOIWTH 3 CEpUEBMHH i 3aracatd y obonoHui. Pelira npomenie, Aki HaaxoadTs
fiJ MEHIWMM KyToM, GyayTb HOLWMPIOBATHCH MO BCill JOBXKHHI ONTHYHOrO BO-
JIOKHa 3aBIsKU eeKTy MOBHOro BHYTPilHbOro BinOuTTa. Takum 4YUMHOM, icHyeE
JeAKHi TinecHuit kyT 0,5, ONTHYHI NPOMeHI, AKi 3HaAXONATLCA B HOro Mexax,

OyayTh MOWIMPIOBATICH MO BCill JOBXMHI ONTHUHOrO BOJIOKHA (puc. 4.8). 3Ha-
YEHHIO LILOr0 KyTa BiArOBigae BenuuMHa, AKa HA3UBAECTLCA HOMIHAAbHOIO a60
eheKmueHOI0 HUC06010 Anepmypoio:

NA=n,sin6,, . 4.7)
1€ My — NOKA3HUK 3a/I0MJIeHHs HAaBKOJIMIIHBOIO CepelOBUINA.

KpiM edeKTHBHOT 4MCIIOBOT allepTypH ICHYE POIPAXYHKO8A HUC1084 anep-
mypa — 6e3po3MipHa BeIHYMHA, AKA BH3HAYAETHCA BUPA3OM: Nd =in] —n; .
BenuuuHa YHCI0BOT anepTypH 3MIHIOETHCS B Mexax Bin 0,1 1o 0,5 3anexwo Big
JiaMeTpa BOJIOKHA (MEHLIOMY IiaMeTpy BiAMOBilac MEHINA BENMYMHA YUCTOBOT
aneprypu).

3a3HauyMMo, WO Y PO3CNAHYTOMY BHILE NPUKIIAAi ONTHYHMIA CUTHAaN y cep-
LIEBUHI MOIIMPIOETHCSA MPAMOIHIAHO, | Ha MEXI MOy cepeJoBHUL CepileBUHA—
060J10HKa, 3MIHMBILKM CBiii HANPIMOK, 3HOBY MOWUPIOETBCA MpsAMOliHiAKO. 1le
peanizyeTbes 3aBAAKH TOMY, IO PO3NOALN 3HaYeHb MOKA3HHUKA 3aJOMJIEHHA 1
CepLEBHHH 3aJMILAETLCA HE3MIHHUM B3JOBXK AiameTpa {i nmonepe4Horo nepepi-
3y. A Ha MeXi NoAiNny cepeloOBUL, CepLIeBUHA—O00NOHKA Pi3Ka 3MiHA MOKA3HH-
KiB 3aJJOMAEHHS Ma€ BUIVIAA CXOAWHKH. Taki OoNnTHUYHI BOJOKHA HA3MBAIOTBCSA
BOJIOKHAMM 31 cryriHuacmum npoinem ROKa3HUKa 3a10MAeHHA. Binnopinxa
XapaKkTePUCTHKA PO3NOALTY 3HAYeHb NOKa3HUKIB 3alOMIIEHHA B3JOBXK JliaMeTpa
MOMEPEYHOro nepepizy ONTUYHOrO BOJIOKHA HaBeleHa Ha puc. 4.8 [16].
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ICHY1OTb OMTHYHI BONOKHA, y AKHX 3HAuUeHHs MOKa3HWKa 3alOMIICHHA 1y
f1aBHO 3MEHLIYETbCA Bill LeHTpa cepueBUHU 1o ii nepudepii. Lle mpussoauts
10 TOrO, IO ONTHUHMI CUTHAN Y CepLEBHHI MOLHUPIOETHCA He NPAMOJIHINAHO, a
KPHBOJiHIAHO no ay3i. Taki ONTHYHI BOJIOKHA HA3HBAIOTHCA ONTUYHUMH BOJIOK-
HaMU 3 2padienmuum npodhinem noxaznuxa sanromnenns. Ha ix xapakrepuc-
THLI PO3MOALN MOKA3HHKIB 3aJOMIEHHs B3IOBX JliaMeTpa CepUeBMHH Mae BU-
rasa napaGonu, a Ha Mesxi MOAIY CepeloBULI CepLEBUHH Ta 0OOJIOHKH BIACYT-
H3l pi3Ka 3MiHA NMOKA3HUKIB 3AIOMIIEHHS, AK Y CTYMiH4acTHX (puc. 4.9).

Pucynok 4.8 — OnrtuuHe BONOKHO i3 Pucynok 4.9 — OnrTu4He BONOKHO i3
cTyniHuactuM mnipodineM TMOKA3HUKA rpamieHTHuM npodineM MOKasHUKa
3aJI0MJIEHHA 3a/10MJIEHHS

3rifHO 3 TEOPi€lo eNeKTPOAHHAMIKH ONITHYHE BUMPOMiHIOBaHHS abo onTHY-
HMiT CMUrHal1 MOXKHA MOJATH Y BUMIAAL €EKTPOMArHITHOI XBUJI (KONMBaHHA),
KA € CYMOIO eIeKTPOMAarHiTHHX CKIaJloBHX: eNEKTPUYHOT (BEKTOP HAMpYkKeHO-
cTi enekTpryHoro nons E) Ta MarHiTHOT (BEKTOP Hampy»}eHOCTI MarHiTHOToO o~
a1 H). Pi3Hi koMmGiHalii Lux BEeKTOPIB ABAAIOTH COGOI0 THIU XBWIIb, AKI Ha3u-
BatOThCA Modamu. KoxHa MOJ1a MOWMPIOETHCS MapasesibHO OCi ONTHYHOTO BO-
NOKHA i3 CBOIM 3HaueHHAM ($a3oBoi Ta rpyrnoBoi WBKAKOCTEH, nonspusauii ta
PO3MOJINOM aMnAiTy A B nonepeuHoMy nepepisi. dasosuii GpoHT y MoA nutoc-
KHit, a HOpMasb A0 MIOWHHK ($a30BOro GpOHTY napanenbHa oci ONTHYHOTO BO-
nokHa. KoxHy MOy MOXHa MOATH Y BUTTIAAL CYMH TUIOCKUX XBUIIb, 11O MAOTh
BUMJIA NPOMEHIB, AKi YTBOPIOOTE KoHyc. [Iputomy, YMM BUUIWA HOMEp MOAH,
TUM GinbLUMIE KYT Mi NPOMEHAMH, WO YTBOPIOKOTH KOHYC. SIkuio Moy 306pa-
3UTH OJZHHM TIPOMEHEM, TOAi 4MM GibLIMA KYT MK MPOMEHAMH, THM BULLIWA
Homep Moau (puc. 4.10).

obonoHka

nepla Moaa

apyra moga

PucyHok 4.10 — [TowmpeHHs pisHUX MOJ Y ONTHYHOMY BOJIOKHI

KinbKicTb MOZ, WO MOXYTb MOWUPIOBATHCS Y ONTHYHOMY BONOKHi, 0OMe-
JKeHa i 3aNeKuTb Bial AiaMeTpa cepueBuHHM d Ta AOBXKUHM XBUMi A. 13 36inbwwen-
HAM JiaMeTpa Ta 3MeHLIEHHAM JOBXKWHK XBHJi KiNbKIiCTe MOJ pi3ko 30imbLuy-
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€ThCs. 3aeXHO Bil KiMBKOCTI MOJ, AKi MOXYTb MOIMPIOBATUCH Y ONTHYHOMY
BOJIOKHI, PO3PI3HAIOTL OAHOMOOBI Ta 6araTOMOJOBI ONTUYHI BONOKHA.

B onHomonoBux ONTHYHUX BONOKHAX AiaMeTp CEpUEBMHM Ta JOBXMHA XBU-
ni cyMipHi (d=A), ToMy 10 OJJHOMOJOBOMY BOJIOKHI MOXe MOLIMPIOBATHCE JIMILE
oavH TN XBuib HEII — ¢yHOaMeHTanbHa Mofa HaWHUXKYOIO MOPAAKY, AKa
TIOLUMPIOETBCS Y BCIX ONTHYHUX BOJIOKHAX 1 MEPEHOCUTL OCHOBHY YacTHHY €He-
prii onTu4HOro curHany. B 6araToMofOBUX ONTUYHMX BOJIOKHAX AiaMeTp cep-
UeBMHH Ginbliui, Hik AoBKMHA XBHAI (d>)), i MO BOJMOKHY MOXe MOWIMPIOBa-
THCh JIeKifIbKa TUIIB XBU/Ib (MOIM HH3BLKOTO Ta BMUCOKOTO nopamky). Jiamerp
CEepLEBUHH OJHOMOIOBHX BOJIOKOH CTaHOBHThL 6—8 MkM, a HaraToMonoBux — 50
abo 60 MKM, npy LBEOMY AiaMeTp 0GOJIOHKM Y OAHOMOAOBHMX Ta 6araToMOAOBUX
BOJIOKHAX OJHaKOBMH 1 gopiBHIoE 125 MM [9].

[MponyckHa 31aTHiCTE Ta AaNbHICTh Nepenayi iHpopmauii ONTHHHUMU BO-
JIOKHaMH OOMEXYIOThCA QUCHEPCIEl0 Ta 3racaHHAM ONTHUHMX CHFHAIB y JiHii
3B’ A3KY.

3zacanna — ue nocnabneHHs ONTUYHOI MOTYXKHOCTI CUTHAlly NiA uac iioro
MOIUMPEHHA B ONTHYHOMY BOJIOKHI. 3racaHHs ONTHYHOTO CHTHANy Y BOJIOKHI
MOKHA YMOBHO PO3/ILTUTH Ha 3racaHHA y MaTepiali BOJIOKHA Ta 3racaHHs yepes
HEJIOCKOHANIICTh MEXi MOy MiX CepLeBHHOI Ta 06GoNOHKOW. I"oNoBHUMHU €
BTpaTH B Marepiajli BOJIOKHA, IO BU3HAYAIOTLCA ABOMA MPUYMHAMM — PO3Cito-
BAHHAM i IOMJIMHAHHSAM.

Posciloeanna abo 3MiHa HANPAMKY OMTHYHOrO BHNPOMIHIOBaHHA BinGyBa-
€TbCS HA OMTHYHHUX HEOZHOPIAHOCTAX — QIIYKTyallisX WIIBHOCTI Ta CKIaay Ma-
Tepiajy OMNTHYHOIO BOJOKHA, a TAKOX MPH MOPYIUEHHI reOMeTpUUHOI opmu
fioro cepueBuHM Ta 000NOHKU. B pesynbTaTi UbOro yacTHHa ONTHYHOT eHepril
po3citoeThea abo 3anuiuae BOJIOKHO, IPY LbOMY He BiifyBacTbCA NepeTBOPEHHS
eHeprii y Teruto. Konu po3scitoBaHHs ONTUYHOrO CUrHany BiaGyBaeTLCA HaA MiK-
POHEOAHOPIAHOCTAX, PO3MIPH SAKMX MEHLUi Bif AOBXKHHM XBHWI, Toai posciio-
BaHHs HA3MBAETLCA PeneeBCbkuM, | HOrO MOTYXKHICTh 3MEHIIYETHCA i3 3pOCTaH-
HAM JIOBXUHM XBUNi mpomopuiiino 1/A'. Okpim peneiscpkoro po3citoBaHHA Y
OINITUYHOMY BONOKHI MOYTb BUHMKaTH PO3CitOBaHHs, 00YMOBJIEH]I HENIHINHHU-
mu edexramu. lle Bumywiene poscitoBands Pamana Ta MangenswitamMa—
Bpinmoena [15].

Hoznunanna eneprii ONTUYHOrO CUTHANY NOB’s3aHe i3 BAACTHMBOCTAMH Ma-
Tepiajy, 3 AKOro BHIOTOB/IEHE ONTHYHE BOJIOKHO, @ TakoX 3 PoBOuOI JOBKH-
How XxBuni. IlornuuanHA BinOyBacTbes NpH 36y/UKeHH] B MaTepiani eleKTpoH-
HHX MEPEXOMIB | PE30HAHCIB, Ki MEepPeTBOPIOIOTb YaCTHHY eHeprii ONTUYHOro
curHany Ha Teruto. OCKinbKy L ABHMINA NMOB’A3aHi 3 YacTOTOK a0 AOBXKHHOIO
XBHJIi ONITHYHOIO CUTHAJTY, TO MOTJIMHAHHS TaKOX 3a1€KUTh Bill JOBXKUHH XBHITI
CUrHaiy. 3a/Ie)KHO Bill AOBKHUHH XBUJli PO3PI3HAIOTb NOMIMHAHHA B yabTpadio-
neToBOMy Ta iH(pauepBOHOMY Aiana3oui. lHQpauepsoHe MOrNMHAHHA CTae
Ginbul CYTTEBUM AN JOBXKHH XBUIb, 6inbmux 1,5 MkM, a ynbTpadioneTope —
Ui JOBXHH XBUIb 10 1,4 MKM. KpiM HUX B ONTHYHOMY BOJIOKHI € TaKOX MOT-
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JMHAHHA Ha JOMillKax B Marepiasi BojokHa. HaiGinemiui BKman y BeIHUHHY
3racaHHs OarTh AOMILIKY TiapokcuaHol rpynu OH.

[lornuHaHHA i peneiBcbke pO3CitoBaHHA HA MIKPO(IYKTyaliaX WIiIBHOCTI
MaTepiany OfITHYHOrO BOJOKHA BU3HAYAIOTH MiHIMANBLHO JOCHKHI (yHAAMEHTa-
NBHI BTpaTH B MaTepiajii ONTHYHOro BOJOKHA. IlornuHaHHA Ta pO3CitOBaHHSA
0cO6JIMBO BHMMBAIOTH HA ONTHUHUI CUTHAN NPH NPOXOKEHHI Y JIOBrUX Maric-
TpaNbHUX BOJIOKOHHO-ONITHYHUX JiHiAX 3B’43Ky. KpiM LbOro, ONTHYHMHA CHIHAN
3a3HAC 3racAHHA Yy PpO3 €MHUX Ta HEpO3 €MHUX 3’€JIHAHHAX BOJIOKOHHO-
ONTHYHUX JTiHiH 38’ 3Ky, @ TAKOK Ha 3TMHAX ONTHYHOTO Kabemo.

Ha rpagiky 3anexHOCTi 3racaHHs BiJl IOBXHMHH XBUJi U4 ONTUYHHX BOJO-
KOH 3 OYHMILEHOTO KBApLOBOro ckna (puc. 4.11) 4iTko BUAHO TPH BiKHA MPO30-
pocri: 0,85, 1,311 1,55 mkm. 3i 36inblueHHsAM TOBXUHN XBUII A KOeillieHT 3ra-
CaHHs g 3MeHuyeThes [9].

Vastpadionerose ITikn
¢.05 A TOTTHHAHHS TMOTJIMHAHHA Ha
’ OH

[ndpauepsone
MOTIMHAHHA

03[
0,20
850 1310
I BikHO I1 BixHO Il BikHO
npo30poCcTi  [Npo3opocTi  MPO30POCT

PuicyHok 4.11 — 3anexHicTh 3racaHHs CUTHATY y ONTHUHOMY BOJIOKHI Bill
JOBXUHY XBHIT

Mucnepcia — ue poscitoBaHHA y yaci cnekTpanbHux abo MOL0BUX CKITaJ0-
BUX ONTHUUHOTO CUrHaNy, iKe MPU3BOIUTH A0 30iMbIUIEHHS TPHBANOCTI (PO3LLUK-
PEHHS) ONTHYHOTO IMMYNLCY T Hac HOTO MOWMPEHHA Y ONTHYHOMY BOJOKHI,
Ta BU3HAYAETLCA Pi3HULEID KBAAPATIB TPUBAIOCTEH iMIYNbCIB Ha BUXOAI i BXOA]
ONTHYHOTO BoJIOKHA [14]:

r= Twzux - Tnzx ’ (48)

I1€ 3HAUCHHS Ty | Ty BU3HAYAIOTBCS HA PIBHI MONIOBUHM aMIiTy 1M iMITYIbCIB.

[1ix 4ac MoWMpeHHs B ONTHYHOMY BOJIOKHI AMCHepCia AeopMye onTHUHI
iMIyIbCH, B pe3y/bTaTi BOHH HAaKIaJaloThCs OJMH Ha OJHOIO Ta Ha MpHHAMAanb-
Hili CTOPOHI BUHMKatOTL GiTOBI MoMmiku (puc. 4.12). Po3pisHAoTH TPH BUIM
aucnepcii: MooBa abo MiXMOLOBA (MOJaNbHA), XPOMATHYHA Ta NONAPU3auiiHa
MOAOBA AMCTIEPCiA.

67



8x 7

it OnTHYHE BOJIOKHO E’“"q——
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Ha BXOZI Ha BUXO[I1

y

PucyHok 4.12 — Jlucniepcist CUrHaniB y ONTU4YHOMY BOMOKHI

MopoBa mucnepcis € OCHOBHUM BHIOM Jaucnepcii y 6araToMoJoBUX BOJIOK-
Hax 13 cTymiH4acTuM npodiieM nokasHuka 3anomiieHHa. BoHa rnos’s3ana 3 Tum,
1O Pi3HI MOIH MOLIMPIOKOTHCS MO BOJMOKHY 3 OJHAKOBOIO HIBMAKICTIO, ane 3a pi-
3HUMH TPAEKTOPIAMU, TOMY HaAXOASATH B KiHLI BOJIOKHA B pi3HMI1 4ac.

B 0aHOMOMOBUX ONTHYHMX BOJIOKHAX PO3IIMPEHHA IMIYIbCIB 3yMOBIIEHE
nBoMa edekTaMu — XpoMaTHUYHOK nucnepcieto (D) ta nonsipuzauiiiHoro Mozo-
Boto pucnepcieto (PMD). 3a3euyail meperaxkac XpoMaTHYHa JUCTIepCist, a Mo~
pU3aUifHO MOAOBA AUCOEPCis MOUHUHAE MPOSBAATUCE MPH LIBHIKOCTAX Mepeaa-
4i 6inpimx 10 I'6it/c i BiACTaHI MiX pereHepaliiHUMHA MyHKTaMU B JeKiNbKa
coTeHb Kinometpis [17].

Xpomamuuna ouchepcia TiepeBaxkae y ORHOMOJOBOMY ONTHYHOMY BOJIOK-
Hi Ta 3yMOBJIEHA HEHYJIbOBOK) LUIMPUHOIO CMIEKTPa ONTHYHOIO BUMPOMIiHIOBaHHS,
10 HaMpaBlAE€TbCA MepeAaBayeM y BOJOKHO. CHEKTp Takoro ONTHYHOrO BH-
NPOMIHIOBaHHA MICTHTh HE OJIHY, a 6e3niu JOBXKHMH XBH/b. XpoMaTHYHa AKCTe-
pcist BUHHKa€E, KOJIM Pi3Hi JOBXUHU XBHIb BCepeleH! iIMIyJIbCy PO3FOBCHOIKY-
I0ThCA 3 pi3HOIO WBHAKicTIO. Lle NpU3BOAUTE 10 YacOBOrO PO3IUMPEHHS ONTHY-
HHX IMITYJIBCIB, 1110 MOLUKUPIOKOTLCSA B3AOBK BOJIOKHA.

Honspuzayiitna modosa oucnepcia NPoABIAETbCA Y OQHOMOJAOBOMY ONTH-
YHOMY BOJIOKHI Yepe3 HeidealbHOCTi reOMEeTPUUHHMX PO3MIpiB i HagBHOCTI Me-
XaHIYHOT HaIlpyXeHOCTi. 30kpeMa, Yepe3 MOpYLIeHHA LWIIHAPUYHOI cuMeTpii
(eninTUYHICTb) cepUeBUHU Ta OOONOHKY MEPNEHAMKYISIPHI MONAPH30BaHi KOM-
[OHEHTH OMTHUYHOTO CUTHANy MOIUMPIOKOTHCA 3 PI3HUMH IPYNOBUMH LUBUAKOC-
TAMH, IO NPU3BOAMTD [0 AUCIepCiil Ta BUKNAHMKAE MOMUIIKH Mif 9ac NpuiMaHHs
iHdopmauii. MakciuMansHHR BIUIMB MofspH3aliifiHa MOAoBa JMCHepcis 3miic-
HIOE Ha BUCOKOLIBU/IKICHI CUCTEMM TNepeaadi.

Hucnepcis BuU3HAYa€e NPONMYCKHY 34aTHICTH abo obcsar indopmMaii, wo me-
penaEThCs y BOIOKOHHO-ONTHYHUX JIHIAX 3B’ A3KY. 3B’ 430K MK AMCHEPCIEIO T i
nponyckHow 3aarHicTio AF  HabnkeHo BMpaXaeTbcsd CHIBBIAHOLIEHHAM
AF=1/t. qucnepcis He TibKKM 0GMEXY€E YaCTOTHHH Iiarna3oH ONTHUHOIO BOJIOK-
Ha, ajie CyTTEBO 3MEHHIYE JANbHICTh Nepeaavi CUrHaNIB, OCKINbKH YMM JOBLIA
NiHiA, TUM OinblUa TPUBATICTh IMITYJILCIB.

Poamipuicte  koediuienta aucnepcii  Bu3HauaeThes  3a  opmynioro
D(\)=(1/L) AT/A\. TIpupicT 3amizHeHHs 3a3BU4ail BUMIpIOETbCS B MIKOCEKYHOAX
(1 mec= 10" C), HOBXHHA BOJOKHA L BUMIPIOETbCS B KiNOMeTpax, IMPUHA Che-
KTpaibHOro iHTepBany AA B HaHoMeTpaX (lHmM = 10° m). 3Bigcu oTpuMyemo,
o koediuieHT Aucrepcii BUMIPIOETCS Y OAMHULAX (n1c/HM KM). BixnosigHo
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Haxun koediuienta mucnepcii S=D(A)/(A-1k;) BUMIpPIOETECA B  OQMHHLAX
(nc/um® km) [15].

Jns nepepauyi indopmauii no 6araToMog0OBOMY ONTHYHOMY BOJIOKHI BHUKO-
pucTOBYIOTbCA poboui A0BKHHH XBUNb: 850 Ta 1300 Hm. bararomonoBe onTuy-
He BOJIOKHO 3rigHo 3 MixkHaponuuM cranaaprom [EC 60793-1 Hanexats 10 Ka-
Teropii AD! Ta moainseTbes Ha JBa THMM 3aleXHO BiA CIBBIAHOWIEHHA Aiame-
TpiB cepueBnHa/060N0HKa. ['eOMETPUYHI PO3MipH, CMyra MpOIMyCKaHHs, Mepe-
JaBaNbHI XapaKTepUCTHKK | MeXaHiuHi napaMeTpH pi3HUX TMMIB 6araToMoa0Bo-
ro ONTHUYHOTO BOJIOKHA HaBeAeHO B Tabmmwi 4.1.

Tabnnusg 4.1 — leoMeTpuUHi T2 ONTHYHI NapaMeTpu 6araToMoOI0BOTO
ONTHYHOrO BOJIOKHA

[eomeTpuuHi ..
. Koediuienr
po3mipu cepue- | Cmyra nporryc-
Tun 6aratomoaosoro OB 3racaHHs,
BUHU/060NOHKH, | KaHHA, MI'I/kM
ab/kM
MKM
Ala:
- Ha JOBXMHI XBUNI 850 HM 50/125 Bin 200 no 800 |Bin 2,5 mo 3,5
- Ha poBxuHi xBuii 1300 HM Big 200 go 1500 |Big 0,6 no 1,5
Al6:
- Ha AoBXxuHi xBuii 850 HM 62,5/125 Big 60 1o 300 Bin 2,5 no 3,5
- Ha poexuHi xsuii 1300 HM Big 300 xo 1000 |Bin 0,6 no 1,5

OnTvuHI napameTpy OJHOMOJOBOTO ONTHYHOTO BOJIOKHA ONTUMi30BaHi Ha
poBounx goBxHHax XBuib 1310 aGo 1550 HM um Ha o6ox ofpazy. Y tabnuui 4.2
HABEeIEHO TEOMETPHUYUHI NapaMeTpH Ta ONTHYHI XapaKTePHCTUKH OJHOMOJOBOIO
ONTUYHOrO BOJIOKHa (3rifHo 3 pekomernauito MCE G.652), pexoMeH10BaHi and
BUKOPUCTaHHA Y Mepexi 3B 3Ky YKkpaiHu.

3rigHo i3 pekoMeHgauisMu MiKHapoIHOI CMiNKHU 3 eeKTPO3B A3KY B ranysi
tenexomynikauiin (MCE-T) icHye Taka knacudikallid THIIB ONTHYHOTO BOJIOK-
Ha, KA BU3HAYAETHCA BIAMOBIAHUMHU CTAaHAAPTAMH.

Crangapt G.650 nae 3aranbHi O3HAYEHHs THITIB BOJNOKOH, Mepenik OCHOB-
HUX XapaKTEPUCTHK i MapameTpiB OMHOMOLOBUX BOJIOKOH, a TAKOX METOAIB BH-
MIpIOBaHHs LMX MAPaMETPIB | KOHTPOIIO 32 HUMH.

G.651 po3noBCloMKyeTbC Ha GaraToMoao0Be ONMTUYHE BOJIOKHO 3 JiaMeT-
pom cepuesuHu 50 MKM i oGonoHku 125 MkM Ta Ha Kabeni Ha Horo ocHoBi. B
HbOMY MICTATBCS pEKOMEHaLIT 00 OCHOBHHX MapaMeTpiB LIUX BOJIOKOH, KO-
HTpPOJIOBAHUX XapaKTepPUCTHK | ZOMycTUMHUX HOpM. Ha uei uac takuii Tvm Bo-
JIOKHA BUKOPHCTOBYETLCA B KOPOTKUX CErMEHTaX KOMIT'FOTEPHUX Mepex, BHYT-
pillIHLO 06 €KTOBUX CHCTeMax repenadi 3 poboUoro JoBxkuHo0 XU 0,85 i pi-
nko 1,31 MKMm.

G.652 BuU3HAYaE OJHOMOJOBE BOJIOKHO 3 He3MmimeHow aucnepciero. Horo
napameTpy ONTHMi30BaHi A Aiana3oHy AOBXHH XBUIb 1,31 MKM, B AKOMY BO-
JIOKHO Ma€ HY/bOBY XpOMaTHUHY Auchepcito H MiHiManbHe 3racanns. [liameTp
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CepUEBHMHH TaKOTO BOJIOKHA 9 MkM, a 000M0HKH — 12542 mMkM, npodine nokas-
HMKa 3aJIOMJIEHHA Mac BUIMIAA CXOAMHKHM (puc. 4.13, a). Bonokuo G.652 Buko-
PUCTOBYETLCS B JIOKATBLHUX Ta IT00aNBHUX KOMI'IOTEPHUX MepeKax [1s1 OAHO-
i 6araToxBuNIbOBOI Nepenaui iHdopMauii (y TOMy uMcii B AianasoHi DOBXHH
XBUIb 1,55 Mxm) 31 mBuakoctaMu no 10 I'6it/c Ha cependi Bincrani (1o 50 km).

Tabmuua 4.2 — FeoMeTpuyHi Ta ONTHYHI NapaMeTpy OAHOMOAOBOrO ONTHYHOIO

BOJIOKHA
IlapameTpu ogHomonosoro OB 3HavyeHHs NapaMeTpin

Hiametp monogoro moas Ha L= 1310 um Bia 8,6 10 9,5MkM

(0,5 MKM Bi HOMiHaNbHO-

ro 3HAYEHHA)
HexoHLIEHTpUYHICTh CepUeBHHN/ 000TOHKH, MKM <{,8 MKM
HiameTp 060JIOHKU 125 MKkM = 5 MKM
Hekpyrnicts o6ononku 2%
3racadss Ha AOBXKUHI XBUi 1310 UM 0,5 nb/km
3racaHHs Ha JA0BXMHI XBUl 1550 HM 0,3 n1b/km

BinxuneHns koedinieHTa 3racaHHs npu 3MiHi
Temnepatypu Bix - 40 °C no 50 °C:

- Ha goBxkuHi xBuii 1310 uMm 0,05 n1b/kMm

- Ha JOBXKHHI xBuJii 1550 HM 0,10 nb/km
HoBxuHa XBUII 3pi3y:

- OFTUYHOIO BOJIOKHA Bia 1150 no 1330 um
~ ONTHUYHOIO BOJIOKHA B KOHCTPYKLIT ONTHYHOrO

Kabeo Bia 1100 go 1270 um
JoBXHHa XBHITI 3 HYJIOBOKO AUCHEPCitO OBUH-

Ha 6yTu B Mexax Bin 1300 no 1324 um
Koediuient xpomatiunoi aucnepcii Ha 10BXHHI

XBUJII:

- 1310 um 3,5 nc/(HM kM)

- 1550 um 18,0 nc/(nm-km)

MakcuManbHHA HaXW ANCIepcCil B TOUL HY 150~

0,093 nc/(Hm kM)
BOTO 3HAYEeHHS

G.653 po3noBCIOAXKYETHCA HA OJHOMOJIOBE BOJIOKHO 31 3MILLEHOIO HYbO-
BOIO aMcnepcieto B obnacti 1,55 mxm — DSF (Dispersion Shifted Fiber). Lle so-
JIOKHO Ma€ HyNbOBY AMCHIepcito B 06nacTi MiHIMaNbHUX BTPAT, WO AOCATAETHCA
3a paxyHOK OiflbLl cknagHoro npodiiato koediuicHTa 3anomierus (puc. 4.13, 6,
6, 2) [16]. G.653 BUKOPHCTOBYETHCS B rM0GaNbHUX KOMI IOTEPHUX Mepexax Ta
MaricTpanbHUX IMPOKOCMYTOBHX NiHifX. BonoxHo 3abe3neuye nepenauy indo-
pMalii Ha [eKiibka COTeHb KiloMeTpiB 3i wBHAKOCTAMHU a0 40 I'Git/c. OnHak
HHUM MOXXHa TepeaBaTy THile OAMH CIeKTpalibHWil KaHan iHdopmadlii, ocKib-
Kn HeoOXigHa A/s 6araToXBMIILOBUX CUCTEM BHCOKA KOHUEHTpaUis CBITIOBOT
HOTYXHOCT y BOMOKHI G.653 uepe3 ocoGAMBOCTI CTPYKTYPH CepLEBHHH NpH3-
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BOZAMTB J10 TOABYU HENIHIHHUX edeKTiB, Ki, B CBOIO 4€pry, CIPUUHHAIOTE MepeX-
pecHi 3aBaau y miHil.

ﬂ&Aﬂf%

a 6 8
PucyHok 4.13 — ITpodhini mnokasHUKiB 3aNOMJIEHHs ONTHYHUX BOJIOKOH

G.654 MiCTHTDb ONUC XapaKTEPUCTHUK OXHOMOJIOBOTO BOJIOKHA i Kabeo, 1o
MalOTh MiHIMaIBHI BTpaT Ha AoBXHHI xBuai 1,55 mxM. Lle BonokHo Gyno pos-
pOBEHO AN 3aCTOCYBAHHA B MiABOAHMX CUCTeMaX. 32 PaXyHOK GiflbLIKX, HIK Y
BonokHa craHmapty G.653, po3MipiB cepUeBMHM BOHO JO03BOJIE TepelaBaTy
GinbiI BUCOKi PiBHI OMTHUHOT MOTYXKHOCTI, ale BOAHOYAC BOHO Ma€ Ginbil BU-
COKy XpOMAaTH4Hy Aucrepcito B gianasodi 1,55 mkM. Bonokno tuny G.654 He
npu3HadYeHo As pobOTH Ha AKii-HeOyab iHIWIA JOBXKUHI XBUII, KPiM 1,55 MKM.

G.655 onucye BONOKHO 3i 3MillLleHOI HEHY/bOBOI aucnepcieio — NZ-DSF
{Non-Zero Dispersion Shifted Fiber). Lle nocsraerses 3a paxyHoK 3aCTOCYBaHHA
cneuianbHoro npo¢imo rnokasHuka sanomnenHs (puc. 4.13, 9). lle Bosnoxho
NPU3HAYEHO VIS 3aCTOCYBAHH B IIOOATBHUX KOMIT IOTEPHHX MEpexkax Ta Mari-
CTpaNbHMX BOJOKOHHO-ONTUYHUX JiHiAX, WO BukopuctoByroTs DWDM-
TexXHONOTiT B Aiana3oHi JoBRXHH XBUAb 1,55 mMkM. Bomokno G.655 mae cnabky
KOHTpONbOBaHy AMcriepcito B cMysi (1,53...1,56 Mkm) i Benukuii aiamerp cep-
LEBHHM TOPIBHAHO 3 BOMOKHOM TUy G.653. Lle 3Mennye npobnemy HemiHii-
HUX e(eKTiB i A€ MOXJMBICTb 3aCTOCOBYBATH €eKTHBHI BONOKOHHO-ONTHYHI
i ACKITIOBAYI.

ONTHYHI BONOKHA, SKI BXOAATH OO CKJIaQy ONTUHYHOro Kabeimo, fOKpHEa-
IOThCS JIAKOBAHOIO 3aXHCHOM MAIBKOKW 5—10 MKM, npu3HaueHow ans 3anobi-
raHHa nossu Mikpotpily. [lepBUHHE 3aXMCHE MOKPUTTA ONTHYHOTO BOJIOKHA
BUKOHYETBLCA 3 €[IOKCHAKpHJIaTa 3 30BHIMIHIM AlamMeTpoM 250+15 MKM, ske Ha-
HOCHTbCA Ha NAKOBAHY MOBEPXHIO 00ONOHKM BosokHa. [IpH3HaveHHs HacTyn-
HMX WIapiB — YCyHEHHs BIUIMBIB Ha ONTHYHE BOJOKHO MOMEPEYHUX CHll Ta 30i-
AbLLIEHHS #oro MiuHocTi Ha pozpue. Lie Moxxe 6yTu GydepHuii wap enacTUIHO-
ro monimMepy, Akuil 3axuiuae Bix GiYHOTO CTHUCKY, i 30BHIWMIA Wap 3 nojiMep-
HOTO MaTepialy 3 BUCOKMM MOJY/EM NPYXHOCTI, (IO MPALOE Ha CTHCHEHHA Ta
PO3TATHEHHA.

B Vkpaini ontuuHmii kaGelb BUroTOBIAIOTL Ha XapKiBcbkomy 3asofi «[Tis-
neHp-kabenp» Ta Ha Onecvkomy 3aBozi «Onecakabenby». 3aKOpOHHIUMH BHPO-
fHukaMy € Taki Bimomi kommanii sk NK Cable (®@innannis), Corning (CLLIA),
Fujikura (Snonis), Lucent Technologies (CILIA) Towo.

OCHOBHMMM €JIEMEHTaMU ONnTHYHOro kabento € [12, 15]:

— ONTUYHI BOJNIOKHA, CKPYY€eHi 3a MEBHOK TEXHOJIOTIEND;
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— CHITOBI (3MILIHFOBAJIbHI) eleMeHTH, AKi OepyTh Ha cebe Mo3IOBKHI HaBaH-
TaKEHHs Ha pO3pHB, OCKUIbKH Yepe3 Maji po3MipH BOJIOKOH i Ayxe Maie Aomy-
CTHMe BIJIHOCHE MOAOBXKEHHA CKJla BOJOKHA MOXYTb OyTM 3pyHHOBaHi HaBiTh
ITpY HE3HAUYHOMY TMO3IOBXHBOMY PO3TATHEHHI;

— 3alOBHIOBaYi, WO NpU3HaveHi And 30epiraHHs CTa6UIbHOCTl po3TaLyBaH-
Hs ONTHYHHUX BOJOKOH IO nepeplzy kabeno;

— apMyBasibHI €1E€MEHTH, sAKi MIABHLLYIOTb CTIHKICTb Kabesto 10 30BHIlUHIX
MEXaHIYHHX BILIHUBIB;

— 30BHIIUHI JAeMnyBaibHI Ta 3aXHCHI 000JOHKH, AKi 3aM0biraloTh NPOHHK-
HEHHIO BOJIOrH il MapiB LIKiJUIMBUX PEYOBUH.

CepLieBHHa ONTHYHOIO Kabeno, sika MiCTUTb ONTHYHI BOJIOKHA, MOXE MaTH
JeKinbka BUIIB KOHCTPYKLI: OZIHOMOAYNbHA, HaraToMoAylbHA KOHUEHTPHYHA,
npod¢insoBaHa, npodinmsoBaHo-cTpiukoBa (puc. 4.14).

OpHoMOIy/bHA cepLeBUHa ONTUYHOro kabemo Apisge coboro TpyOKy, Lo
3HaXOAUTLCA B LIEHTpPi Kabelto i MiCTUTD fieKisibKa MOBUBIB ONTHYHUX BOJIOKOH,
Y KO>)KHOMY 3 SIKHX MOXe 3HaXOAUTHCh 10 12 onTHUYHUX BoJoKOH. [ToBMBH BUAI-
JAIOTECS CrieliallbHUM HHUTKAMH Pi3HOTO Konbopy. Jlns niAcuiieHHs MeXaHiuyHOT
MiLHOCTI y 000JIOHKaX Kabellto 3 OJHOMOAYJIBHOK CEPLEBHHOK BUKOPHCTOBY-
10ThCA ABI MpOBONOKA. HemoslikoM Takoi KOHCTPYKLUIT € HU3bKa MpPYXHICTb Ka-
6eno. OHOMOAY IbHA KOHCTPYKLIS CEpLEBHMHU 3MEHLUye aiaMmeTp kabento, To-
My Takuil kabeslb BUKOPUCTOBYETHCA HAa MiCLEBUX MEPEKaAX Ta MPOKIANAETLCS Y
kabenpHil KaHanizauil abo MiABIIIY€EThCA Ha Oropax.

a 6 8 e

Pucynoxk 4.14 — CeplieBHHHU ONTHUHOTO Kabemo: a — 0AHOMOAY/IbHA,;
6 — baraToMoIyJTbHA KOHLEHTPUYHA, 8 — NpodinboBana, 2 — npodinsoBaHo-
CTpiuKkoBa

BaratroMoaysibHa KOHLEHTPHYHA CTPYKTYpa CepLEeBUHHM CKJIAJacTbes i3
CKPYYEeHMX HAaBKOJIO LEHTPaJbHOrO CUJIOBOrO €NeMEHTa MOJYJIbHUX TPYOOK, B
AKUX 3HAXOIATHCS ONTHUHI BOJIOKHA. [Ipu po3TATHEeHHi Ta 3rMHaHHI ONTUYHOrO
kabemo MOIysbHI TPYOKH PO3TATYIOTbCA AK chipasib. IIpu LBOMY ONTHYHI BO-
JIOKHA HE 3a3HAaIOTh HIAKMX MEeXaHIYHMX HaBaHTakeHb. Taka KOHCTpyKLIsA kabe-
7110 BUKOPUCTOBYETHCA I 30BHILUHBOTO NMPOKIAAaHHA JiHil 38 a3Ky. B Hiit Ha-
BKOJIO LIEHTPaJbHOIO CUJIOBOrO eleMeHTa Moxke OyTH Bia 6 mo 12 MoayabHHX
Tpy6OK, B KOXKHIH 3 AKMX MOKe po3MilllyBaThCh Bia 2 1o 12 BonokoH. [1pu upo-
MY €EMHICTb MOe gocsaratd 144 posokon [16].

IMpoginsoBaHa cepileBHHa 3abe3neuye MakCUManbHUA 3aXHCT | MILHICTD
onTH4HOro kabeno. BoHa Moxe MICTUTH JeKifibka NasiB, B KOKHOMY 3 AKHX po-
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3MilyeTbes Big 2 A0 8 ONTHYHHMX BOJOKOH. TaKUM YMHOM, EMHICTB Takol KOHC-
TpyKitii MOxe carati 48 oNTHYHUX BOJIOKOH.

TIpodhinboBani CTPIUKOBI CepLEBUHH ABIAOTL COOOK KOHCTPYKLID, B AKHX
ONTHYHI BONOKHA 00’ €IMYIOTBCS Y CTPIYKH | PO3MILLYIOTHCA Y Na3ax npodinbo-
BaHOI cepueBHHH. KoXeH Ma3 MOXe MiCTUTH 110 HOTHPbOX CTPiMKOBHX IIapiB,
Je KOXXHa CTpivKa CK/IaJacThesl 3 YOTHUPbOX ab0 BOCHMH ONTHYHHX BOJIOKOH.
TaxuM urHOM 3a6€3Me4y€eThCs BUCOKA EMHICTh Kabemo — 10 192 onTH4HUX BO-
JIOKOH, IO € aKTyalbHUM [UIA MICLEBUX Mepex, e HeoOXiAHa BeNMKa EMHICTb
OTITHYHHUX BOJIOKOH.

Mogayni Ta onTu4Hi BojjokHa Kabemo i1eHTHdIKYOTbCA 3a AONOMOIOK0 KO-
NbOPOBOTO KOMYBaHHs a0 3aCTOCYBaHHAM NYMIBHOTO i HAMPAMHOTO MOZYIIB.
Y KOXHOTO 3aBOAY-BUpOOHMKA € CBOE no3HayeHHs. Hanpuknan, y BITYM3HAHHUX
BUPOGHHUKIB NiYMAbHUI MOZY/L Mae yepoHe abo nomapaHuyeBe 3abapBIieHH,
HanpsAMHAR MOIyTb — 3eseHuil. 3a HaABHOCTI B kabemni KopaeNiB 3aNoBHeHHs,
BOHHM MOXyTb OyTH nodapGoBaHi Ta BUKOHYBaTH QyHKLIT JHUUIBHOIO i Hanps-
MHOTO MOJYJIB.

BinbHuil NPOCTIp B ONTHYHKUX MOIYJ/AX, B 1a3aX Ta MDX MOIY/IbHUMY TPYO-
KAMH 3alOBHIOETECS THKCOTPOMHHUM rifipodoOHMM 3armoBHIOBaYeM (KOMMayH-
1oM), axuil 3a6e3neuye MOB3IOBXKHIO FepMETHYHICTE Kabemto Ta 3aXUCT ONTHY-
HMX BOJIOKOH BijJ BIUTMBY MOBITPs Ta BOJIOTH.

OntuyHMii kabenb 13 30BHILIHBOTO MPOKNAZAHHA BUKOPUCTOBYETBCA Mif
yac GyAiBHMUTBA MaricTpaJbHUX JTiHIK 3B’i3Ky. MarictpansHi onTHuHi kabeni
npusHadeHi Ans nepeiayi indopmauii Ha BenMKi BiACTaHi — AECATKM Ta COTHi
KinoMeTpiB Mix MicTamd Ta KpaiHaMH. B Takux kabenaX BHKOPHCTOBYIOThCA
OJHOMOZOBI ONTUYHI BONIOKHA (8/125 MKM) Ta CHIHand i3 AOBXHMHOK XBHUIi
1,3...1,55 mMkM, wo 3abe3neuyroTs Majle 3racaHHs Ta JUCMEPCito, MalOTh BEJIHKY
indopmauiiido-nponyckHy 3aatHicts. CeplieBUHa Takux kabenip mae GaraTo-
MOMYABHY KOHCTpYKUito [9]. BcepeanHi MoIyniB Ta MiKMOIyNbHUH MPOCTIp
zanosHeHo rigpodoGoM. MaricTpansHi kabeni MiACHMOIOTLCA rodpoBaHOK
GpOHEI0 Ta 3aXMIIAITLCA 30BHILIHIM monieTnneHoBuM wnanrom. KabGeni 3 Ta-
KOKO KOHCTPYKLI€I0 MpU3Ha4eHi At NPOKNafaHHd y IpyHTax BCiX KaTeropid, y
BOJi, uepes HernMMGoki 6onoTa, BOAIHI Nepellkoiy, Hecynoxiaui pikk. Ocobnu-
BICTIO iX KOHCTpYKLUIi € BUCOKA MeXaHiYyHa MiLHICTh (CTiliKicTh) 0 pO3TATHEH-
Hs, HAABHICTb CreuiaTbHUX KOHCTPYKTUBHUX €JIEMEHTIB AJIA 3aXMCTy Bill IpH-
3yHIB, @ TAKOX BONOTOCTIMKICTh i PO3IIMPEHHUH Niana3oH poGo4YnX TeMIEpaTyp.
Skwo kabenb NPOKIAKAETbCA Y TipCBbKifl MiCLEBOCTI, B YMOBax Bi4HOT Mep3i10-
TH, NO [Hi PiYOK Ta MOPIB, TO BUKOPUCTOBYETHCA NOJBIHHMA GpOoHBOBaHMH 3a-
XHCT i3 TIPOBOJIOK Ta Npo}iJboBaHHIA BU CEPLIEBUHU.

B Mexax MICT Ta HacejeHWX MYHKTIB BUKOPHCTOBYIOTBCA ONTHUYHI kabeni
A% 3’ €¢HaHHs OyaiBeNb Ta By3/1iB 3B°53Ky Ha BiACTaHi AeKinbKoX KinomeTpis. B
TaKUX KabesisX MOXKYTh BUKOPHCTOBYBATHCH AK OJHOMOJIOBI, Tak i 6araToMo0-
Bi BOsNokHa. L{i kabeni npoknagaoTecs y kabenbHii kaHanizauii abo migsimry-
10TBCS Ha Omopax ur Mix OyauHkamu. Y KOHCTPYKUIT UMX KabesiB BUKOPHCTO-
BYETBCA OJHOMOJYJIbHA CEpLUEBHHA, AKa A€ MOX/IMBICTh 3MEHILHTH AiaMeTp Ta
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Bary kabemo. s MiABILIyBaHHA BHKOPHCTOBYIOThCA kabeni 3 HOCIHHHUM Tpo-
COM.

OntuyuHuil kabens [nd BHYTPILIHBOOO €KTHOTO MpPOKNagaHHA BMKOPHCTO-
BYETbCS BeepeuHi 6yaiBenp, 3apoli Towo. Taki kabeni BiApi3HAIOTHCA MigBU-
IIEHOI0 CTIMKICTIO [0 MOXKexXi, MHYYKIiCTIO, NMOJieriieHol KoHCTpyKuieto. s
UbOTrO BUKOPUCTOBYETHCS OJHOLLIAPOBE 3aXUCHE MOKPUTTA 3 MOJIBIHIIXIOPUAY.
BukopUCTOBYIOTHCA IpalieHTHI Gararomoaosi BosiokHa (50/125 Mkm) Ha n0B-
#uHi xBuni 0,85 MxMm. JlocTaTHiMi MexaHiuHWiE 3axucT 3abesneuye 900-
MiKpOHHE TTOKPUTTA ONTHYHOrO BOJIOKHA | KMB/ApOBi HUTKH.

Ha nosepxHi 30BHIuHBOI 06010HKH Kabento He Ginblie Hixk vepes 1000 MM
HAHOCUTBCS MApKyBaHH, L0 MICTUTh MAapKy Kabesto, TUI TeMNEPATYPHOro BHU-
KOHaHHS, KiNBKICTh i THI ONTHYHHUX BOJIOKOH, KifILKICTh €/leMEeHTIB y OBUBI ce-
PLEBHHM, JOMYCTHME TATOBE 3yCHIIA Kabemo, Ha3By abo iHAeKkc BUPOOHUKA i
piK BUrOTOBfEHHs Kabesto, a TAKOXK MIpHI MO3HAaUKK AOBXKMHH Kabenro uepes
KOXKEH METP.

VMOBHE TMO3HAa4YeHHS 3aKOPIOHHOTO 3pa3ka kabemlo Mae BUITIAL
A _DF(ZN)2Y(SR)2Y 6x4 E9/125. Lle kabenp s 30BHIIIHBOTO 3aCTOCYBaHHS
(A). Mictuth aBi nojieTnsieHoBi 00070HKM (2Y): 30BHIIIHIO Ta BHYTPIILHIO,
MiX SKUMH 3HAXOAMTBCA MeTaneBa OpoHs y BUrIAai rogposaHol crpiuku (SR).
BoJiokHa po3MillleHi y WecTd MOAYIBHUX TPYOKax Mo YOTHPH Y KOXKHIH (6x4).
Beepeauui TpyOkH, a Takok NPOCTip MiXK HAMH, 3aMoBHEeHI BOJOBIALITOBXYBa-
nbHUM rigpodorom (DF). Sk cunoBi komnoHeHTH (ZN) BUKOPHCTOBYIOTHCS KU-
BIIApOBi HUTKH | UEHTpaIbHHUI HeMETaNeBHii eneMeHT. THI BOIOKHA — OHOMO-
noge (E9/125) 3 cepueBrHO0 Ta 060JOHKOW BinnopiaHo 9 i 125 mxM. Inwui Tex-
HIYHI XapakTepUCTHKH BUPOOHMK BKA3ye y CYNPOBIiAHIH Ta MacrnopTHIH moky-
MeHTalLlil.

4.1.3.2 KaGeui 38’513Ky Ha OCHOBi Kpy4eHOI napu

Kpyuena napa (twisted pair) — ogna abo zekinbka nap i301b0BaHMX NPOBi-
AHUKIB, CKpYYeHHX MiX cO0OI0 (3 HEBEJMKOIO KifIbKiCTIO BUTKIB HAa OJAMHULIO
LOBXWHHU) /i 3MEHIIEHHs B3aEMHMX HaBelleHb TIPH repeaayi CUrHainy i nokpu-
THX TTaCTHKOBOI 000JIOHKOI0. BUKOPHCTOBY€ETHCS AN Mepefaui eNeKTpUUHHUX
CHTHAJIB B CTPYKTYpoBaHiil KaGenbHill cCHCTeMi ANA TAaKMX TEXHOJOriH sAK
Ethernet, ARCNet i Token Ring. B nanuii uac, 3aBasku CBOIH AeLUEBU3HI Ta
JIETKOCTi YCTAHOB/IOBAHHS, € HalnowmupeHimuM kabesieM Ang no6ynoBu noka-
JILHUX KOMM IOTEPHUX MEpex.

HanpsiMHa cucTeMa Ha OCHOBi kpyueHol MapH ABMAe coboo ABa CHMETPHH-
HMX [IPOBIHUKM, 110 MAKOTh OJHAKOBI KOHCTPYKTHBHI Ta €JIeKTPHYHi Bl1aCTUBO-
cti. [Tig yac nmpoTikaHHs cTpyMy B KpyueHiil mapi NpoOBiHMKIB BUHUKAE €NEKT-
poMarsiTHe rofe, sike € BIIKPUTUM i Ii€ Ha 3Ha4HiK BigcCTaHi BiJ NPOBIAHUKIB
(puc. 4.15,a) [1, 9, 12].

CtpyM [, 110 NPOTIKae yepe3 MPOBIAHMK @ KPy4eHOT napu, CTBOPIOE HABKO-
710 Hporo marsitHe none H (puc. 4.15, 6). Cunosi niHil LbOro Mo, nepeTuHa-
HOUM TOBLLY NPOBIAHUKA @, HABOAATb Y HbOMY BUXPOBI CTPYMH [, .. 332 3aKOHOM
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Jlerua BUXpOBI CTPYMH Y LGHTPI MIPOBIAHMKA MalOTh HANPIMOK, 3BOPOTHUHA pY-
XY OCHOBHOFO CTPYMy, LUO Te'e M0 NPOBiAHUKY, a Ha nepudepii, Hapnaku, IXHi
HaNpPAMKH 36iratoThbes. B pesynbTaTi BUHUKAE Mepepo3noin cTpyMy Ao nepepi-
3y NpPOBIAHMKA, MPH SIKOMY I'YCTHHA CTPYMY 3pPOCTA€ BiJl LUEHTPa 10 NOBEPXHI
nposigHuka. Lle ABMILE HA3UBAETHCA HOBEPXHEGUM eleKkmom. 13 3pOCTaHHAM
YACTOTH CTPYM MPOTIKAE JIMLIe MOBEPXHEIO MPOBIAHMKA, IO CMIPUYMHAE 3015Tb-
LUeHHS HOro aKTHBHOrO OMopy.

Maruithe none

. Buxposi
<TpyMU by
Cipym | 38 sincyrHocti
FOBBPXHEBATO 8haKTy

Be3 ypaxyBakus
ecekry 6nusbkoCTi

Pucynox 4.15 — EneKTpH4Hi NpoLecH y KpyUeHii napi CAMETpUYHHX
NPOBIOHHUKIB: g — NiHIT €1EKTPUYHOTO Ta MATHITHOrO MOJIA;
6 — nosepxHeBHit edekT; 8 — edeKT ONU3bKOCTI

Tlpu ubomy 30BHILIHE T107e H MPOBIIHMKA @, MEPETHHAIOYN TOBILY MPOBil-
HHKA 0, HABOAUTbH Y HbOMY BUXPOBi cTpyMu (puc. 4.15, ¢). Ha nosepxHi nposi-
IHWKa 6, 06epHyTIH 10 NMPOBIAHUKA @, BOHH 36iraloThCs 33 HAlPSIMKOM 3 OCHOB-
HuM ctpyMom (I + /,.), a Ha MPOTHIIEXHIH NMOBEPXHi NPOBIAHKMKa 6 CIPAMOBaHi
Ha3yCcTpi4 OCHOBHOMY cTpyMy (/ — [, ). B pe3ynbTari rycTHHa pe3ynbTyBalsHO-
TO CTPYMy Ha MOBEPHYTHX OAHA [0 OJHOI MOBEPXHAX IPOBIJHUKIB a i 6 30iNb-
ILYETBCA, @ HA BiAAANEHUX OIHA BiJ OMHOI MOBEPXHAX — 3MeHUIyeThCA. Lle ABu-
e Mae HasBy eekmy Oauzbkocmi. Uepe3 HepiBHOMIPHMI pO3MOAIN TYCTHHH
CTpyMy 30iNbLIYETHCA aKTUBHUH ONip KoJia 3MiHHOMY cTpyMy. SKilo nBoMa cy-
CiAHIMU MPOBIZHMKaMH CTPYMM NPOXOAATh B OJHOMY HanpsAMKY, TO IEPEPO3-
NOAIN TXHBOT IYCTMHM Hepe3 B3AEMOJII0 30BHIIIHIX eNeKTPOMArHITHHX MONiB
NPUBOIUTL A0 3POCTaHHA I'YCTUHU CTPYMiB Ha B3a€EMOBIJIANEHMX MOBEPXHAX
nposignukiB ¢ i 6. Edext 6au3bKoCTi Takok € APAMO MPOMOPUIHHUM 4acTOT,
MArHiTHi# NPOHUKHOCTI, MPOBIAHOCTI ¥ iaMeTpy NMpOBiIHMKA Ta 3aNeXHTh Bil
BiAcTaHi MK npoBigHuKamu. 3i 3MeHIUEHHAM L€l BiAcTaHi nia edexTy Gnu3b-
KOCTI 3pOCTa€ B KBaAPATU'HI 3a/1€KHOCTI.

3anexHo Bifi OCHOBHOT 00NacTi 3aCTOCYBaHHA W, BIANOBIAHO, KOHCTPYKLII,
kaGenbHi BUpOOH 1M1 CTPYKTYPOBaHOT KaOenbHOI CUCTEMM HA OCHOBI KPYUYEHHX
nap NoAifsThCA Ha HOTHPH OCHOBHUX BuaM [13]:

- TOpH30HTANLHUI Kabeb;

- MaricTpanbHUi kabens;

- kabenb Ans WHYPIB,;

— MpOBIA ANA MepeMUKayis.
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Ha ocnoi kabeniB kpy4eHoi napu MoxyTs 6yTH peanizoBaHi Bci TpH Miacu-
CTEMHM CTPYKTYpOBaHOI KabGelbHOI CHCTeMH, X0Ya Ha 30BHILUHIX Marictpatsix
iXHE 3aCTOCYBaHHA Ansi BUCOKOUWBMAKICHUX foAaTtkiB knacy D ycknamHeHo ue-
pe3 nocuTh TBepAi (isnyHi 0OMeE)KeHHs Ha MaKCHMallbHY OOBXHHY CerMeHTa.
Ha miacrapi uporo 6inblicts enekTpuyHUX KabesiB MpU3Ha4eHo M 3acTOCY-
BaHHA BcepeauHi OyauHKy. € Takox oOMexeHa HOMeHkIaTypa kabeniB Ha oc-
HOBI Kpy4eHo! rapu, siki MOXyTb NpoKJiafaTiucs Mix GyauHxamu (Tak 3BaHi By-
nuuHi kabeni aGo outdoor-kabeni).

lopusoHTanbHUil Kabenb THITY KpyveHa napa, MpH3HaueHuil s BUKOpPHC-
TaHHA B TOPH3OHTAIBHIM TiACHCTEMI Ha AIMAHUI BiJl KOMYTaUidHOTO YCTaTKy-
BaHHA 0 iHQopMaUifHHMX po3eTok pobouux Micup. Haiinommpeniwi Ha npak-
THLI KOHCTPYKLIT MICTATb YOTHPH KpyUeHi napu. 3a BUAOM CKpPY4yBaHHs npo-
BiHUKIB TOPHM3OHTAILHOrO Kabelo po3pi3HAIOTH MapHy H YeTBIPKOBY
(puc. 4.16).

a 6
Pucynok 4.16 — Buau ckpyuyBaHHA KpyHeHHX Map: g — apHa; 6 — 4eTBIpKOBa

YersipkoBe CKpyUyBaHHs [03BOJIAE AOCAFTH MEHLIMX 30BHILUHIX rabapuTis
xabento, 6iab10i cTabiMLHOCTI HOr0 KOHCTPYKUIT M KpaluuX eJeKTPUYHUX Xa-
PAKTEPHCTHK, OAHAK Kabesb i3 YeTBIpKOBUM CKpyuyBaHHAM Gifbll cKIagHuil y
BUPOOHMUTBI i 0Opo6iIeHHI, a TOMY JOCHTh Mao MOLWIMPEHHA Y TeXHill cTpyK-
TYpOBaHOT kabeIbHOT CHCTEMH.

Jna i3onauii NpoBITHMKIB BUKOPUCTOBYETHCS MOJIBIHUIXJIOPHA, a TAakOX
nonionedid, nojgietuneH i nojinporiieH. 3aCTOCOBYIOTHCA SIK CYUiIbHI, TaK i
cniHeHi MaTepiany, IPUYOMY OCTaHHI J03BOSIIOTH OJIEPXKATH TPOXHU Kpalili ene-
KTPUYHI XapaKTePUCTHKHU, OJIHaK € Oibliie JOPOrUMH H 3aCTOCOBYIOTLCA Mepe-
Ba)KHO B kaGelAX 3 BEPXHBOK FPAHUYHOIO YacToTO, BHio 100 Ml

3 MEeTOI 3HXKEHHS PiBHA 3racaHHs MPOBIAHMKH FOPU3OHTANBHOTO Kabeso
BUIOTOBJIAKOTLCA 3 MOHONITHOro (Solid) migHoro apoty. Okpemi kpydeHi napu
YTBOPIOIOTb CEpPLEBUHY Kabelto, sKa NOKPUBAETLCA 30BHIIHBOIO 3aXUCHOIO 130~
nauitHo obonoHkow ToBUMHOK 0,5-0,6 MM. Takox ycepeauni kabemo 3y-
CTPi4a€ThCs TaK 3BaHAa «PO3PHBHA HUTKa» (3a3BMuail KanpoH), sKa BUKOPUCTO-
BYETbCA INIA MOJErmeHHs oOpoONeHHA 30BHILIHBLOT OGONOHKHM, — MpPH BUTATY-
BaHHI BOHa poOUTh Ha 000MOHLI MOAOBXKHIN PO3pi3, AKUil BiAKpUBaE JOCTYM 10
KabeNbHOTO CepIeYHHKa, FapaHTOBAHO He YIIKOMKYIOUH 130MAUi0 MPOBiHHKIB.
Takox po3puBHA HUTKA, 3BAXKAIOUK HA CBOIO BUCOKY MiLHICTb Ha PO3PHB, BUKO-
HY€E 3aXUCHY QyHKLIO.
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JIns BUrOTOBNEHHs 30BHIUHBOT OGONIOHKH MOPsAA 3i 3BUMaHHHUM MOJIBIHIN-
X7IOPHJIOM JIOCHTH 4acTO 3aCTOCOBYETHCA MaTepian THIly KOMMayHAa, o He Mi-
CTHTb TajoreHiB i He MiATPUMYE TOpiHHA. 30BHIlHA 060NOHKA BUTOTOBJIAETHCA
ciporo Konbopy, 3ycTpiuatoThCs TaKOX iHILI CTAHAAPTHI [JI% KOHKPETHOTO BH-
po6HuKa konbopu (cuHii, GioneTosuii, Ginuit, yepponui). XXosrorapsde 3abap-
BIIEHHA 3a3BMYaii BKazye Ha Te, O 0OONOHKA BUTOTOBJICHA 3 HETOPIOYOro Ma-
Tepiany. KoHcTpykuii, mpusHaueHi 1A 30BHIWIHBOTO NpOKNagaHHs, 3abesre-
4YIOThCA MOMIETUIEHOBOIO ODONOHKO, OCKINbKM Leil MaTepian Mae iCTOTHO
BHILLY BOJNOFOCTIHKICTb MOPIBHAHO 3 MOMIBIHINXMOPHIOM | BOTHECTIHKMM KOM-
TIayHJoM.

Ha 30BHIIHIO 0BONOHKY HAHOCATLCA HANMCH, HIO BKa3ylOTb THIT Kabelmo,
JliaMeTp NpOBiAHMKIB, XapaKTepUCTUKH OGOIOHKH, HaHMeHyBaHHA BUPOOHHKA
fioro ¢ipMoBe no3HaueHHs kabento, HaMEHyBaHHs CTAaHAAPTY i cepTudikyBa-
nbHOT naGopaTopii, a TakoX (yToBi aGo MeTpoBi MiTku NOBXKHMHHM. 3a ABOMa
OCTaHHIMM TApaMeTpaMy € MEBHI PO3XO/DKEHHA MiX aMEPUKaHCBKUMH i €BpO-
nieficbkMH KaGelbHUMH KOMNAHIAMMU.

Tax, 0OCHOBHOIO CepTU(iKyBalbHO n1abopaTopicto A/ aMEPUKAHCHKUX BH-
poGuukis kabenbHoi npoaykuii € UL Laboratory, eBponeiicbki 3BepTaroThcsa B
natceky opradizauilo DELTA. AMepukaHCBKi kabefbHi KOMIMaHii 3aCTOCOBY-
10Th, B OCHOBHOMY, (DYTOBI MITKH JOBXKUHH, €BPONEHCHKI BUPOOHUKY BHKOpPHC-
TOBYIOTb METPOBHUH €KBIBATIEHT LIbOTO MapaMeTpa.

EKpanosanuil i HeeKpaHo6anuil 20pu3oHMAIbHUN Kadenb Kpyiena napa

3anexHo Bif HasBHOCTI abo BIACYTHOCTI JOAATKOBHX €KPaHYBaIbHHUX IOK-
PUTTIB OKPEMHX Kpy4eHHX nap abo cepleBUHH B UiOMY FOpH3OHTANIbHI Kabeli
KpYUYEHUX Nap MOAUIAOTLCA HA HEeKPaHOBaHI Ta eKpaHOBaHi. Y CBOKO Hepry,
cepell eKpaHOBAaHHX KOHCTPYKLIM PO3pi3HAIOTh Kabeni i3 3aranbHuM 30BHILIHIM
€KpPaHOM, 3 eKpaHaMH Ui KOKHOT Mapy Ta 3 OJIHOYAacHUM eKpaHyBaHHAM OKpe-
MHX Nap i CepleBHHH B LinoMy. EkpaHyBaHHs 3aCTOCOBYIOTh AN ITiABHILEHHS
nepexpecHoro sracanns (NEXT), sHwkenHa pieaa EMI i ans nineuiienHs 3a-
Ba/103aXHLLUEHOCTI.

3aexHO BiJl HaABHOCTI 3aXMCTy — €JIEKTPUUHO 3a3e€MIEHOT MiHOI CiTKH
a60 anoMiHieBOT hoBrM HABKOO KPYYEHHX fap, BU3HAUAIOTh Pi3HOBUAM JaHOT
Texnojorii [12, 14]:

— HeexpaHopaHna kpyueta napa (UTP — Unshielded twisted pair);

— ekpaHoBaHa kpyyeHa napa (STP — Shielded twisted pair);

— ¢onsrosana kpyuena napa (FTP — Foiled twisted pair);

— ¢onbrosana ekpaHosana kpydena napa (SFTP — Shielded Foiled twisted
pair).

Heexpanopana xpyuesa napa (UTP) Bipi3HA€TbCA BiAICYTHICTIO BUMOT 10
3a3eMJIeHHs, THYUKICTIO, MEHLIUM AiaMeTpOM, a, OTXKeE, 1 IErKicTio MpOoKnajaH-
HA.

Ka6ens STP po3pofneHo aiis 3aXUCTY CUTHANIB Bifl IUyMiB Ta CIOTBOPEHb 3
BUKOPUCTaHHAM e()eKTy B3aeMOKOMMeEHcalil, ekpaHyBaHHsa. Di3n4HI XapakTe-
PUCTHKH TaKoro Kabemo:
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—  XBUJBOBHIA omip — 150 OwM;

— MApONycKHa 3JaTHicTh — Ao 100 M6/c;

— PEeKOMEH/J0BaHa J0BXHHA (i3uUHOro cermMeHTa — 10 100 M.

Takuii kabenb 3abe3neuye H0OpUil 3aXHCT BiJl €lEKTPOMArHiTHUX Ta pajio-
YaCTOTHHMX BILIMBIB, aJie € NOPIBHAHO JOPOrHM Ta BOXKWM Y NPOKIajaHHi.

Ka6ens SFTP — donbroBaHa ekpaHoBaHa KpyueHa napa BiApi3HAETbCA Bil
FTP HasBHICTIO 10JaTKOBOTO 30BHILIHBOrO €kpaHa 3 MiJHUM OOIIETEeHHsM.
Hait6inbioro nommpeHHs i eKpaHyBaHHA OKpeMHX map Habynu MertasnizoBa-
Hi amoMiHieEM TOHKI HOJIIMEpHi MiBKH, NPUYOMY BilOMI KOHCTPYKUil 3 Opi€H~
TaLli€l0 CTOPOHU MeTallizauii AK BCepeIHY, TaK i Ha30BHI.

30BHIlUIHI €KpaHH, WO OTOYYIOTb CEpPLEBHHY, BUTOTOBIAIOTLCA 3 TaKol kK
IUiBKM a00 K BUKOHYIOTBCA y BUIVIAAI OOMNETEHHS 3 OLUMHKOBAHOTO MiJHOIO
Apoty. Jlo cknamy KOHCTPYKLIT IUIIBKOBOrO eKpaHa 3a3BU4ail BBOAUTHCS AOAAT-
KOBHWI1 TOHKUIH Hei3071pOBaHW MigHUi nymxeHMH abo OLMHKOBaHWH OpeHax-
HUH NpOBIOHUK AiameTpoM 61au3bko 0,5 MM. JIo (byHKUIl OCTAHHLOrO BXOIMTH
3abe3nedyeHHs eNeKTPUYHOI HeMepepBHOCTI €KpaHa NpH BUITAAKOBHUX PO3pHBaX
AIBKY MiJ 4ac NMPOKIIalaHHA Ta eKCIITyaTallil.

Ha nipaktuui HaOynu A0oCTaTHHO LIMPOKOTO TOIUMPEHHs Kabelli kpyueHa na-
pa i3 3araJbHUM IUIIBKOBUM €KPaHOM, SIKMH HOMOBHIOETHCA OOIUIETEHHAM
(puc. 4.17).

uTP S/UTP S/STP

PucyHok 4.17 — ExpaHoBaHa i HeekpaHOBaHa KpyueHa rnapa:
1 — 30BHiuIHA 000J/I0HKA; 2 — Kpy4eHa napa; 3 — 3arajibHuii expaH;
4 — npeHaxxHUH NPOBIAHUK; 5 — eKpaH KpyueHol napu

[TniBkOBI ekpann noOpe 3axuIaroTh kabesb BiJl BHCOKOYACTOTHHUX 3aBaf
(RF]), a expanu y Burmsai obmnereHHs — Bia HusbkouyacToTHUX (EMI), To6TO
JBOLIAPOBMH €KpaH JaHOro BUINAAY 3abe3neuye HalliiHe ekpaHyBaHHA Kabento
y BCbOMY Aiana3oHi 4acToT.

Ob6nactro 3actocypanns kabenis S/UTP € nobynosa ropusoHTanbsHoI MiACH-
CTeMH CTPYKTYpOBaHOi KabeNbHOI CUCTEMH TIPH 3HAYHOMY PiBHI 30BHIILIHIX 323~
Baz (BUpOOHMYI LieXH Ta iHLII NPUMILLEHHS 3 [)KepenaMH CHIIbHUX eNeKTpoMar-
HITHUX Aonie) abo npu MiABUIIEHHX BUMOrax 1o Oeznekn xabenbHOT cHCTeMM
(3axHCT Bil HECAHKLIOHOBAHOTO AOCTYY).

S/STP-kabeni MatoTh nopisHsaHO 3 STP Kkpalili XapakTepUCTHKH LLOAO 3aXH-
CTy BiJl 30BHIIIHIX 3aBaj Ta 3a piBHeM EMI, npoTe 0cHOBHOIO 1X fiepesaroto re-
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pel iHWMMH KOHCTPYKTHBHUMH DilEHHAMH € 3Ha4HO Buwmit (Ha 10 .. 15 1B i
Ginbiue 3a YMOBH NPAaBUIBHOIO MOHTaXy) nokasHuk NEXT.

Ha cboroaHiluHili AeHb BBaKAeTbes, WO 3abe3neuudTd mepeady JiHIHHMX
CUFHANB 3 TAKTOBOI YacToTow noxax 250—300 MI'u Ha notpibuy 3a cTanaap-
Tam¥ BiACTaHb 90 M MOXHA Ti/IbKM 3 BUKOPUCTaHHAM KoHcTpykuii S/STP [17].

STP- i S-STP-kabeni chifl 3aCTOCOBYBAaTH y BCiX BUMaAKaX, NepepaxoBaHnX
s S/UTP-kabenis, B TUX CUTYaWlisfX, KOJH:

- notpi6He OTpUMaHHA KabelbHUX CErMEHTIB, WO MEePeBHLIYIOTh 33 JOB-

xuHOM 90 M;

- npu NoBYHOBI CHCTeM Mepefiayi JaHMX, JUIA AKHX eJeKTPUUHI Xapakre-

pUCTUKHU KabeniB kateropii 5 € HeIOCTaTHIMH;

~  [OBMHHi BUKOHYBATHCA MiABULIEHI BUMOTH i3 3aXMCTY BiJi HECAHKLIOHO-

BAHOTO JIOCTYMY 10 iHdopMaLlil, 1Ka NePeaacThCs.

Xoua mapameTpu KabeniB 3 iHIMBiZyanbHUM €KpaHYBaHHSM KOXHOI napy
MOXYTb ICTOTHO MepeBULLYBaTiH BUMOTU KaTeropii 5 (0co6uBo 3a napameTpa-
mu NEXT i ACR), BapTo MaTy Ha yBasi, [0 TIOKU He iCHY€ CTaHaapTiB 1is 30i-
JIbLIEHHX [OBXKHH CErMEHTIB Ta A1 Mepex, A poGOTH SKUX eNeKTPHHI Xapa-
KTEPUCTMKM HEEKPAHOBAHMX KPY4eHHUX Nap KaTeropii 5 € HeAOCTaTHIMH.

UTP-ka6eni nopiBHAHO 3 eKpaHOBAHHUMH MalOTh TaKi NepeBaru:

- MeHIUa BapTiCTh;

- MEHILA TPYAOMICTKICTE MOHT@XY Ta eKCIUTyaTaLii;

- BiACYTHICTb MifBUILEHMX BUMOT O BHYTPILLHBOTO 3a3€MJICHOrO KOHTY-

py 6yaiBni;

- kpauwi macorabapuTHi NOKa3HUKH,

- MEHLUMH pajliyC BUTHHY.

OCHOBHUMM MEpEBaraMy eKpaHOBaHNWX KOHCTPYKUIH € MOTeHUiHHO Kpalui
3aXVCT BiJl 30BHIILUHIX €EKTPOMArHiTHUX HaBedeHb, MiABHILEHA MEXaHI4HA Mi-
LHICTb Y BUNAAKAaX 3aCTOCYBAHHA €KPaHiB Ta epeKTUBHILMI 3aXUCT BiA HecaH-
K1iOHOBAaHOTO AOCTYMy A0 iHopMaLii, o nepeaaeTeca. Bucoka Tennonposin-
HICTB ekpaHiB 3a0e3neuye eeKTHBHe BifBEJEHHA TEINa, AKe BUHMKAE B MPOBi-
AHWKaX MiA 4ac nepefapaHHs iHpopmalil depe3 MPOTIKaHHA eJIeKTPUUHOTO
ctpymy. Ha nifcrasi uboro aesxi BUpoGHMKM JUTst BUKOPUCTAHHA eKpaHOBaHHX
KOHCTPYKLL rapaHTytOTh MEHLLE 3raCaHHs NOPiBHAHO 3 HEEKPAHOBAHNMMU.

TMopiBHsANbHA XapaKTEPHCTHKA JEAKMX MEXaHIYHMX | eKCIlyaTauiiHux ra-
paMmeTpiB OCHOBHHX BapiaHTIB KOHCTPYKIlii YOTMPUIIAPHUX I'OPU3OHTAJIBHUX Ka-
Genis HapeneHa B Tabnuui 4.3 [12-14].

Icuye mexinbka kateropiit kabemo kpydena napa UTP, aki HymepyloTbcs
Big CAT! no CAT7 i BusHauaoTs eexTBHUI yacToTHU Aiamazon [12]. Ka-
fenb BULIOI KaTeropii 3a3suyail MICTUTH Ginblue nap NPOBOAIB i KOXKHA mapa
Mae Ginblie BUTKIB Ha OAMHHLIO JOoBXKMHU. Kateropil HeekpaHOBaHOT Kpy4eHOT
napy onucytotses B craHaapTi EIA/TTA 568 (AmepukaHCbKMH CTaHOAApT Tene-
KOMYHiKaUIRHUX CTPYKTYpOBaHHMX KaGeJbHHX CHCTEM Y KOMepUiiiHuX Oynie-
JAX).
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Tabnuua 4.3 — [opiBHAIbHA XapaKTepycTHKa KabeniB Ha OCHOBI Kpy4eHo1 napu

UTP STP S-UTP S-UTP S-STP
Tun kabernto Kars | Karé InisxoBuii { KomGiHOBaHui
eKpaH eKpaH
Maca, Kr/km 30-33 | 34-37 42 49 65-85 82-88
3oBHimHIA Ai- |y o 52 5.4 6.2 7,6 8,0

aMeTp, MM

PoGounit  gia-|{ -20 —
nasoH Temne- | +60,

paryp, °C +70
Paniye  saru-| 5 45 35-40 40-45
HY, MM

— CAT]1 (cmyra uactot 0,1 MI'y) — kaGenb, H10 3aCTOCOBYETbCA TaM, I€ BU-
MOTH /IO IUBMAKOCTI MepejlaBaHis MiHiManbHi. 3a3suuaii, ue kabenb ana uud-
POBOTO Ta aHATOBOrO Nepe]aBaHHsA roNloCy 1 HU3bKOI WBKAKoCTI (1o 20 K6it/c)
nepenaBaHHs JaHuX. B ocHOBHOMY Lie kabenb [t Tee)OHHOTO 3B’ A3KY.

— CAT2 (cmyra vacror 1 MI'W) — crapuii Tin kaGesmo, 1O MaB ABI napu
NpOBIAHMKIB, MIATPUMYBAB Mepeiady AaHMX Ha wWBMAxoctax ao 4 M6it/c, Bu-
KOpUCTOBYBaBCs B Mepexax Token Ring i ARCNet. 3apa3 iHomi 3ycTpidaeTbes
B TeneOHHUX MepeKax.

— CAT3 (cmyra wactot 16 MI') — yotupunapHuit kabenb, BUKOPUCTOBYBa-
BCs npu noGynosi gokansHux Mepex 10Base-T i Token Ring, niaTpumye msu-
JKicTe mepenaui ganux g0 10 M6it/c a6o 100 M6it/c 3a TexHonoriero 100Base-
T4. Ha BiamiHy Big momepenHix IBOX, Biamoigae BuMoram cTanaapty IEEE
802.3. Takox 0 UMX Mip 3yCTpivaeThC B TeNeOHHUX Mepexax.

~ CAT4 (cmyra uactot 20 MI'n) — xabenb CKJIAafA€TbCA 3 HOTUPLOX CKPY-
YeHUX nap, BUKOpUCTOBYBaBcst B Mepexax Token Ring, 10Base-T, 100Base-T4,
WBMAKICTE Mepenadi JaHux He nepeBulnye 16 MOit/c no oaHiit napi, 3apa3s ne
BHUKOPHCTOBYETHCA.

— CATS5 (cmyra yacrot 100 MI'u) — yotnpunapHuii kabenb, BUKOPUCTOBY-
eTbCcs mpu nobynoei nokanbHux Mepexx 100BASE-TX, niatpumye WBKHAKICTL
nepepayi aaHux ao 100 M6it/c npu BukopucTatHi ABox nap. [Ipu npoxnananHi
HOBHUX MepeX BHKOPUCTOBYEThCH BAOCKOHaneHuit xabens CATSe — 3apasxu
BUCOKIl mBuakocTi nepemaui: 10 100 MGit/c nmpu BUKOPHUCTaHHI ABOX Hap, i KO
1000 M6it/c mpy BUKOPHUCTAHHI YOTHPHOX Map, € HaMMOWMPEHIIIMM Mepeske-
BMM HOCIEM, 1110 BAKOPUCTOBYETBCS B KOMIT'IOTEPHUX Mepexax A0 CbOrOAHiL-
HbOro yacy. OGMexeHHs Ha JOBXKHMHY Kabemo MK NMpUCTpOAMH KOMM toTep—
KOMYTATOp, KOMYyTaTOp—KOMIT'I0Tep, KOMYTaTOp—KOMYTaTop cTaHoBHTH 100 M,
Mi>K KOHUEHTPaTOp—KOHLIEHTpaTop — 5 M.

— CAT6 (cmyra uactor 250 MI'm) — 3actocoByeThca B Mepexax Fast
Ethernet i Gigabit Ethernet, cknagaetecs 3 YOTUPBLOX NMap MNPOBIAHHMKIB 1 34aT-
HUil HepefaBaTv JaHi Ha wBuakocti go 1000 Mbirt/c. JJonaHuit B cTaHaapT B
yepeHi 2002 poky. IcHye kateropina CAT6a, B sKiil 30inbileHa 4acToTa CUrHANY,
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o nponyckaerbed, 10 500 MI'u. 3a nanumu IEEE 70% BCTaHOBIEHNX MeEpeX B
2004 poui BukopuctoByBanu kabenb kareropii CATG.

— CAT7 — wBuakicts nepefaydi aanux ao 100 I'6ir/c, yacToTa curnany, wo
npomnyckaeTbes, 1o 600—700 MI'u. Kabenb uiel kaTeropii ekpaHoBaHuH.

4.1.3.3 KoakcianpHuii kabean

3patHicTh KOaKCiaNbHOT Mapy  MPOBIAHMKIB MPOMYCKaTH HMPOKUH CIIEKTp
YACTOT KOHCTPYKTMBHO 3a0e3MevyeTbcsl KOaKCialbHMM pO3TALlyBaHHAM BHYT-
pIWIHBOrO Ta 30BHILIHBOrO NPOBIIHMKIB. B pe3ynbTaTi B3aeMoii efekTpoMarHi-
THUX OB MPOBIAHKKIB KOAKCialbHOT Tapy 30BHIILHE NoNe AOPiBHIOE HYMO. Y

MeTanesiii ToBLi mpoBiguuka @ marHiTHe mone H, 3poctae (puc. 4.18, a), a
103a HUM 3MEHLIYETLCA 33 3aKOHOM

!
2 v’

a

”

Ie r — BiICTaHb BiJl LEHTpa NPOBIAHHKA.
MNone H, nposiaHuka 6 BcepeauHi MOPOXKHBOro LUMIHAPA BIACYTHE, a no3a
HUM BHPAXKAETHCA TAKUM CaMUM BUPazoM:

g 1

[

21’

Je I' — BIICTaHb BiJl MOPOXKHBOTO NPOBIAHHUKA.
BpaxoByiouu, 10 CTPYMH B NMPOBIAHUKAX @ | O OJHAKOBI 3@ BEJIMYMHOLO ii
POTHIEXKHI 3a 3HAKOM, MArHiTHI NOJiA BHYTPIlIHBOIO H 30BHILIHBOrO MpPOBiA-

nukis H, i H, y Gyab-akiii TouLi POCTOpY M03a KOAKCIAILHOIO NapOr0 TAKOXK

OyayTh OIHAKOBMMH 32 BEJIMUMHOIO H CIIpAMOBaHi B pi3ni 6oxu [17].

Omxe, pe3y/bTyroue MarHiTHe MoJje 1o3a KoakciaabHow napoto 6yae gopi-
BHIOBaTH Hymo. TakuM 4MHOM, CMJIOBI JIiHIT MArHiTHOro MOJA PO3TalIOBaHI
BCepeIVHI KOaKCianbHOT MapH y BUTMIAAI KOHLUEHTPUYHHX Kill, a ro3a Koakcia-
JILHOIO 1ApOK0 MAarHiTHe MnoJie BiACYTHE. EnekTpuyHe nose BcepefnHi koakcia-
JBHOT Mapyu TaKoX 3aMUKAETHCA 110 pajliafiIbHUX HAMpAMKaX MiX NMpOBiTHUKAMH,
a noza ii Mexxamu aopiBHioe Hymo (puc. 4.18, 6) [14].

BigcyTHicTb 30BHILIHLOTO €€KTPOMArHiTHOTO MoJjA 00YMOBIIOE TaKi OCHO-
BHI [lepeBary KoakcianbHHUX xabeniB: LMPOKUHA Aiala3oH 4acTOT, BENMHUKa Kilb-
KicTh iH(pOpMaLifH1X KaHa/lB, 3aXHILEHICTh Bl 3aBajJ, MOX/MBICTH OpraHisauil
0JHOKabenbLHOro 3B A3KY.
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nposigHuka 6 | H = ——
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Mone kabenwo q\ H, + H; =

PucyHok 4.18 — EnextpuuHi npolieck y KoakcianbHiit napi: a — B3aemMofis
MarHiTHUX MoJiB NPOBIAHUKIB Napu; 6 — NiHIi eNeKTPOMarHiTHHUX MOJIB Mixk
NPOBIAHMKAMM TapH; 6 — LIIBHICTh PO3NOALTY CTPYMiB Ha B32EMHO 06EpPHEHHX
NOBEPXHAX MPOBIAHUKIB Napu

[MoBepxHeBuil edeKT y BHYTPIiLUHBOMY MPOBIAHUKY MOBHICTIO aHANOriYHUH
eexTy B MPOBIAHHUKY CUMETPUYHOT JIiHil, a Y 30BHIIIHBOMY MPOBIAHUKY I'yCTH-
Ha CTpyMy 30iNbIUYETbCA Y HAMPAMKY 20 HOro BHYTPilIHbOI nMoBepxHi. Brms
BHYTPIIUHBOTO NPOBIAHKKA @ MOJATAE y TOMY, IO 3MiHHE MarHiTHe nose, wio
CTBOPIOETHCS CTPYMOM, KMl NPOTIKAE Y HbOMY, HABOAMTb Y MeTasleBil ToBLI
NOPOXXKHBOTO NPOBiAHUKA & BUXPOBi cTpymu [, Ha BHyTpiluHiil noBepxHi npo-
BiZIHMKa 6 BUXPOBi CTPYMHU 30IraroThCs 3a HarnpsMoM 3 OCHOBHUM cTpyMoM ([ +
I, ), a Ha 30BHilLHI} — APAMYIOTE NPOTH HBOTO (7 - [, ). BHACHiIOK UBOTO CTPYM
y NPOBIAHUKY MEepepo3NOAITIETLCS TAKMM YMHOM, 1O HOro TyCTHHA 3pOCTaE y
HanpsAMKy A0 BHYTpillHbOI moBepxHi. OTxe, CTPYMHU B MpPOBiAHUKAX @ | 6 KOH-
LIEHTPYIOTLCS Ha B3aEMHO 0OepHEHUX MOBEPXHAX NpoBiAHUKIB (pHc. 4.18, 6).

YuM BHUIIA YaCTOTA, THM CHIIBHIIIMH e(eKT 3MILUEHHS CTPYMY Ha 30BHILIHIO
TMOBEPXHIO TPOBIHMKA ¢ 1 BHYTPILIHIO MOBEPXHIO MpoBifHMKa 6. BHacmigok
UBOTO eHepris 30Cepe/KYEThCA BCepefrHi KoaKciaabHOro kabento B AieneKTpy-
KY, @ NPOBIIHNKY JIMIIE 3a/1al0Th HAMPSMOK PO3MOBCIOKEHH:A €leKTPOMarHir-
HOT XBHUII.
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3aBaxanbHe eleKTPOMarHiTHe 1oje BUCOKO] YaCTOTH, IO CTBOPHOETHCA CY-
CiniMK Konamu nepeaavi aGo HIIMMK DKepellaMy 3aBajl, oYM Ha 30BHILIHINA
NPOBIZHUK KOAKCIanbHOT MapH, Takox OyAe po3MOBCIOKYBATUCS HE M0 BCEOMY
nepepizy kabesio, a nuie 1o HOro 30BHILUHIH noBepxHi. 30BHIMHIK NPOBIAHKK
KOaKcianbHOT Mapu BUKOHYE ABi (YHKLIT: € 3BOPOTHUM IIPOBiAHMKOM KONa re-
penaui i 3axuinac (expaHye) nepezady, WO 3iACHIOETbCA KabeneM, Bijl 30BHi-
[IHIX BIUJIMEBIB. Y¥M BULIA YaCTOTa, TUM Oinblile BigaansioTbCs OAUH Bill OTHOTO
3a3HaveHi CTPyMH if, BiAnoBiaHO, kabesb Kpalue 3aXMIUeHWH Bil BIUIMBY CTO-
poHHIX 3aBan. TakuM YHHOM, OCHOBHI flepeBaru KoakcianbHOro kabemo 0cob-
NHMBO ACKPABO NPOSABIAIOTHCS Y BUCOKOUACTOTHIN YacTWHI CrieKTpa.

OCHOBHHUMM MapamMeTpaMi KOaKCiaTbHOTO Kabenlo €:

— XBHJIbOBH O11ip;

— xoedidieHT croayoi XBuai;

— BTpaTH B KabeJi;

—  eJIEKTPUYHA MILHICTh | CTIMKICTb 10 30BHILIHIX BIUIMBIB.

KoediuieHT cTosuoi XBHII XapakTepuaye CTYITiHb y3TO/LKEHHS JiHiT nepe-
Jaui BMCOKOYACTOTHOI eHepril (koakciansHoro kabenio) 3 HapaHTakeHHAM. Da-
KTHYHO KoeiLIEHT CTONOT XBUI 3aBHKAM OinbLUMH 0JHHHLIL

EnextpuuHa MilHICTh KOAKCianbHOro xadento 0OMEKYyeTbCs AOMYCTHMHM
CTPYMOM, LIO MPOXOAHTb HMepes UeHTpanbHul nposiaHuk. [lna paxiocTaHuin 3
TIOTYXKHICTIO TTepeaBalibHOrO MPUCTPO 25 BT HONYCKaETbCA BHKOPUCTOBYBA-
T KabeJii 3 1iaMeTpoM LEHTPAIBbHOrO NPOBIAHMKA HE MeHwwe | MM,

B npoueci excniyarauil koakcianbhuii xaGenp Hacamnepen NiARACTHCA
BILIMBY BOJIOIM i 3 4aCOM MOXE 3HAUHO [OriplUNTH CBOI XapakrepucTrxu. Haid-
CTIKIIUMMY B LLOMY BIJIHOIIEGHHI € HanisTBepai Kabesi, CyllinbHA 30BHILIHA
060NIOHKa AKHX Mo CXHIIBHA 10 Kopo3ii | 3abesnedye HaailiHy repMEeTUUHICTS.

IcHye Besuka KibKicTb PI3HUX THITIB KOAKCiaNbHUX KabeniB, AKi BUKOPHC-
TOBYIOTbCSl Y KOMI'HOTEPHUX MEpexax Ta Mepexax kabenbHoro rejebadeHHs.
Hainowmpenitimu xoakcianbHumu kabenamu € [18]:

— RG-8 i RG-11 — «roBcTuiiy koaxcianeHuit kabens, pospobaenuii s me-
pex Ethernet 10Base-5. Mae xsunbopnii omip 50 Om i 30BHiWHIA niamerp
0,5 mroitma (6nusbko 12 mMm). Lleit kabenb Mae BIATHOCHO TOBCTMH BHYTPILUHIi
nposianuk aiameTpom 2,17 Mm, o 3a0e3neuye rapHi MexaHiuHi Ta eleKTpUYHi
XapaKTepucTHKH (3racanHs Ha vactoti 10 MI'n — He ripwe 18 nb/km). Tlpote
Takui kaGenb CKNIaJHO MOHTYBATH Ta 3rHHATH;

— RG-58/U, RG-58 A/U i RG-58 C/U — pi3HOBHA «TOHKOIO» KOAKCiaNbHOTO
xabemo aas mepex Ethernet Base-2. Kabenr RG-58/U mae cyuinbHuit BHYTpi-
1IHIA nposianuK, a kaGenas RG-58 A/U — 6aratoxunsanii. Kabens RG-58 C/U
BUKOPHUCTOBYETBCS y BIMCHKOBMX Lissix. Yci i kabeni MatoTh XBUNBOBUIL OTip
50 OM, ane XxapakTepu3yOTBCA TipLIMMM MEXaHIYHUMH Ta eNEeKTPUYHUMM Ta-
paMeTpaMH MOPIBHAHO i3 «TOBCTUM» KoakcianbHUM kabeneM. ToHkuM BHYTpi-
WwHik npoigHuk 0,89 MM mae Habarato GiNblly FHYUKICTb, 3pyYHUH NpPU MOH-
TaXKHUX poborax. 3racaHHs y uboMy kabeni BUIL, HiX Yy «TOBCTOMY» KOaKcCia-



JBHOMY KaBeli, 110 3YMOBJIIOE 3MEHIIEHHS NOBXKWHM JiHii 3B’s3Ky. [na
3’eIHaHHA 3 001aIHaHHAM BUKOPHUCTOBYETBCs po3’em Ty BNC.

Koakcianeni xaGeni i3 xBuiboBuM onopoM 50 OM onucasi y cTaHapri
EIA/TIA-568. Hosuit cranmgapt EIA/TIA-568A koakcianbHi kabeni He onucye
AK MopalibHO 3acTapini [1].

4.1.4 Be3anpoBoaoai JiHil nepexayi

BesnpoBoaoBa MiHis Mepepadi sBnse cobow OeKinbka BY3NiB, MDK AKUMM
3iACHIOETBCS BUMIPOMIHIOBaHHA Ta fpuiioM pafioxeune. KoxeH Byson ocHa-
[IEHO aHTeHaMW, AKi € OJHOYACHO [epeJaBauaMy Ta NpuiiMadaMu pajiox-
BWIb. ¥V 6e3mpoBoaoBUX JIIHIAX BUKOPUCTOBYIOTbCA HanpsAmieHi (napabomiyHi)
AHTEHHU, AKi CIIPAMOBYIOTb €NEeKTPOMArHITHI XBHII B Mexax MeBHOro CeKTopa y
3alaHOMY HaNpAMKY, a TaKOX 130TPOITHI aHTEHH, eIeKTPOMArHiTHI XBHII fKUX
3alI0BHIOIOTE BECH TIPOCTIP y BCiX HanpsAMKaX B Mexax MEeBHOro paiiyca, o BU-
3HAYAETHCS 3racaHHsM curnany [1, 19].

Hociem indopmauii y 6e3npoBoJOBHX JdiHisX Nepeaaui € eNeKTpoMarHiTHi
XBUII, i PO3MOBCIOMKYIOTHCA B aTMocdepi 3i meuakictio 3-10° M/c y piznux
Hanpsimkax. [ns moschHeHHs isnyHMX npoueciB nepenadi indopmauii y Ges-
NPOBOAOBUX HANPSAMHHX CHCTEMax BUKOPHCTOBYETBCA TEOPis €NEKTPOARHAMIKY
Ta piBHAHHA Maxkceema [13]:

np + I:w
> 4.9)
rotk =—jouH

{rotH =ok+ jwek =1

Ie o — NpOBIJHICTb CepefOoBUILA,;

& — JieneKTpUuHa IIPOHUKHICTh CepeAOBHLIA;

4 — MarHiTHa POHUKHICTb Cepe/IOBUILLA;

1,p — CTPYM NpPOBIAHOCTI y MeTajax;

L, — CTpyM 3MillleHHA Y JieJIeKTPHKaX.

PiznuHili 3MiCT NepLworo piBHAHHA cucTemMu (4.9) nondrae y Tomy, 11O ene-
KTpUUHE M0JIe CTBOPIOE HaBKoso ceGe AiHiT MarditHoro nons (puc. 4.20, a).
3MicT Apyroro piBHAHHS NOJArAE y TOMY, 1o Gyab-AKa 3MiHA MarHiTHOro nos
CYMNpPOBOIKYETLCA CTBOPEHHAM eslekTpuutoro nonsd (puc. 4.20, 6). V uinomy
3MiHa OJHOTO MOJIS CIPUMHHAE NMOSABY IHILOTO, BHAC/IZOK YOro Ai€ i PoO3NOBCIO-
IDKYETBCS KOMIUIEKCHE enekTpomardiThe none (puc. 4.20, ), ake NepeHOCUTh
eneprito B atMocdepi. [Ipn po3noBclofikeHHi XBUb B aTMochepi Air0Thb (N0 3a-
MKHYTHX LIIAXAX) CTPYMY 3MiLEHHA [,,,, MPH LBOMY CTPYMH MpPOBiAHOCTI Aopi=
BHIOIOTb HYmO /,,=0 [19].
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PucyHok 4.20 — EnexTpoMarHiTHe KOJIMBaHHA: d — YTBOPEHHA MarHiTHOTO
1oJ1st; 6 — yTBOPEHHSA eEKTPHUHOrO TOJIA; 6 — YTBOPEHHS eEKTPOMArHiTHOro
nons

OCHOBHI XapaKkTepucTHKK Ge3npoBooBoi JiKii nepemayi, Taki Ak BIACTaHb
MiX By3NlaMH, TepUTOpis OXOIUTEHHA, IIBUAKICTh Nepeaadi BU3HAYAOTHCA Hac-
TOTORO €IEKTPOMArHITHOTO CTMEKTPa, 10 BUKOPUCTOBYETHCA.

Paniogianason no 300 I'Tu Mikunapoanuit Coro3 Tenekomysikauiit ITU po-
34UIMB HAa KijAbka nifniana3oHiB, MOYHMHAIOYM Bil HAAHU3BKUX YacTOT
(Extremely Low Frequency, ELF) i 3akinuyioun Hansucokumu (Extra High
Frequency, EHF). 3BuuHi M1a HAac pagiocTaHuil MpaliolOTh B Aiana3soHi Bif
20 kI'u go 300 MIu. Croau NOTparuisitoTh HU3bKOLIBUAKICHI cucTeMd AM- i
FM-giana3ouis, Npu3HayeHi ais nepefaui faHUX 3i WBUAKOCTAMM Bifl JeKiNb-
KOX HECATKIB 10 COTeHb KinoBiT 3a cekyHay. [Tpukiagom MoxyTb OyTH pafio-
MOJEMH, AKi 3’€AHYIOTH [1Ba CEPMEHTH JIOKaNbHOT Mepesxi Ha wBKAKocTax 2400,
9600 a6o 19200 Ko6it/c [19].

Kinbka aianasonis gig 300 MI'u no 300 I'T'y BUKOPHUCTOBYIOTECA Y MIKPOX-
BHJIbOBUX CHCTEMaX, 110 00’ €AHYIOTh pajiopeneiiti niHii 3B°43Ky, CyMyTHUKOBI
KaHasnu, Ge3MPOBOAOBI NIOKaNBHI Mepexi Ta cucTeMu ¢ikcoBaHoro GesnpoBoao-
BOTO JOCTYIY, @ TaKOX Y CHCTeMaX 6e3npoBoJoBHX abOHEHTCBKHMX 3’€JHAHb
(Wireless Local Loop, WLL).

Buiie MiKpOXBH/ILOBUX AianasoHiB po3TalloBy€eThCs iH(bpauepBoHui aiarna-
30H, KW TAKOX LIMPOKO BHKOPHCTOBYETHCA JUIA O€3MpoBOAOBOI nepenadi iH-
dopmauii. Ockinbky iHdpauepBoHe BUITPOMIHIOBAHHS HE MOXe IPOHUKATH e-
pe3 CriHu, TO CUCTeMM iH(PauepBOHMX XBUJ/Ib CIYXKaTh AJl YTBOPEHHS HeBenu-
KHX CETMEHTIB JIOKaTbHUX MEPEX B MEXKaX OJHOTO MPUMILLEHHS.

B ocTaHHi poky BUAMME CBITJIO TAKOXK CTANO 3aCTOCOBYBATHUCS UL Mepena-
ui inopmauii. JTazepHi CHCTEMM BUAMMOTO CBIiT/Ia BHKOPHCTOBYHOTBCS SIK BUCO-
KOLWIBHAKICHA anbTepHAaTHBAa MIKPOXBHIOBUM KaHanaMm [ opraHisawii 10cty-
Ty Ha HEBEIMKHX BiACTAHAX.

Konn curnan syctpivaetbes 3 3aBafiaMM, pO3Mipd AKMX Habarato nepesu-
LIYIOTh AOBXHHY XBWJIi, TO YaCcTHHA eHepril palioXBHi BiAOMBAETbCA Bif Takol
3apaay. Hanpuxnan, XBUni MIKpOXBHIBOBOTO Jiarna3’oHy MaloTh JAOBXHHY Kib-
Ka CaHTHMETpiB, TOMY BOHM YacTKOBO BiAOHBAIOTbCA Bill CTIH OYAMHKIB MpH Ie-
penadi CUrHaJliB B MicCTi. SIKILO CHTHaM 3ycTpivae HEMPOHUKHY A/ HbOTO 3aBa-
Oy (Hampukniaj, MeTaleBy IUIACTHHY) HabaraTo 6inblIoro po3mipy, HiX AOBXKH-
Ha XBHAI, To BinOyBaeTbcs AUdpakLis — CHIHAN OrMHAaE 3aBafy, i HOro MOXKHa
npuiiMaTi HaBiTh He nepeOyBalO4K B 30HI MPAMOI BUAMMOCTI. | HapelTi, npu

85



3yCTpidi 3 3aBa0i0, PO3MipH SIKOT MOPIBHAHHI 3 JOBKHHOK XBUIi, CUTHAT PO3-
CiOETbCA Mifl PI3HUMH KyTaMu.

B pesynpraTi moaibHux ABKMIL, AKi 3ycTpidalOThCs, Hampukiaj, y Micrax,
NpuiiMay MoXe OTpUMAaTH JeKiNbka KOMii oAHoro i Toro » curHany. Takui
e)eKT Ha3HMBacThC 0OaraTOMPOMEHEBUM TMOWMPeHHAM curHany. [lpu upomy
OJMH i3 CUTHaIIB MOXE MPHHATH i3 NPOTUIIEKHOI ha30t0 i MocIabUTH OCHOBHUH
curnan. OCKiNbKM 4ac MOUIMPEHHS CUTHaTy Pi3HUMH LUIAXaMU B 3araibHOMY
BUMAJAKY € PI3HUM, TO MOXE CIIOCTepiraTUCs MDKCHMBONbHA iHTEp(epeHLia —
CUTYallisA, KOMU B Pe3yJIbTATI 3aTPUMKH CUIHAM, 110 KOLYIOTh Cyciadi OiTh aa-
HMX, JOXOIATh [0 MpuiiMada ojJHouacHo. CrOoTBOpeHHs depe3 GaraTonpomMexe-
BE MOLUMPEHHA MPU3BOAATL A0 ocnalleHHs CUrHany, ueil edexT HazsMBacTbCA
HaraTorpomMeHeBUM 3aBMUpaHHAM. Bcei i CrIOTBOpeHHs cUrHaly 104aloThes J0
30BHIIIHIX eJIEKTPOMAarHiTHUX 3aBaj, AKUX y MicTi H6ararto.

Hna 6opoTbOM 3 TaKMMH HeraTMBHUMM BIUIMBaMM 3aCTOCOBYIOTHCA Pi3Hi
Metoau. [lns mepedaui 3a goromororo 6e3npoBoaoBoi AiHIT 3B’A3Ky MOTPiOHO
MOAYJIIOBATH €1eKTPOMArHiTHI KONMBaHHA nepejasaya BiANOBIAHO 0 MOTOKY
6iTiB, o nepenatoThes. DyHKUIT MepeTBOpeHHs AUCkpeTHOT iHdopMauii B ere-
KTPOMarHiTHiI koJiBaHHA BukoHye DCE-npuctpiit (Mogem), 110 po3TaiioBaHHii
MK aHTeHoro Ta DTE-mpuctpoeM (KOMI'FOTEpOM, KOMYTaTOpOM 4M Mapiipy-
TM3aTOpOM). BaxkiuBy ponb BiZlirparoTh CrielianbHi METoaM KOAYBaHHA, 11O po-
3MOAINAIOTE EHEPTilo CUTHAY B LIMPOKOMY JianasoHi yactoT. Kpim Toro, nepe-
JaBadi curnany (i mpuiMadi, AKIIO Le MOXKIJIMBO) HAMaraloTbCs PO3MICTUTH Ha
BUCOKMX BeXaxX, o0 YHHKHYTH GaratopasoBHX BiaazepkaieHb. Takox 3acto-
COBYIOTBCS TIPOTOKOJIM 3 BCTAHOBAEHHAM 3’€IHaHb | MOBTOPHMMHU MepeAayamu
KaapiB y)K€ Ha KaHalnbHOMY piBHI MiX rpoTokonaMu. Lli mpotokonau ao3poss-
10T WIBHUALUE KOPUIYBaTH MOMHUIKM, OCKIJBKM MPALIOOTh 3 MEHIIMMH 3HaYeH-
HAMM TalM-ayTiB, HXK KOPUTI'YBJIbHI MTPOTOKOJM TPAHCIIOPTHOTO PiBHA, TaKi SIK
TCP.

BuxopucranHs enexkTpoOMarHiTHOro crektpa notpedye LeHTpasi3oBaHOro
perynoBaHHA. B KOXHIHN KpaiHi € crieuianbHUi aepkaBHuii oprad, skuii Bnjae
JiUeH3iT onepaTopam 3B’ 43Ky Ha BUKOPHCTAHHs NEBHOT YAaCTHHH CIEKTpa, O €
JOCTaTHIM Ans nepenadi indopmauii 3a nesHoto texHosorieto. JliueHsia Buaa-
€TbCA Ha TIEBHY TEPUTOPIIO, B MEKaX SAKOT orepaTop BUKOPHCTOBYE MOHOTIONBHO
3aKpINUIeHMI 33 HUM Aiana3oH 4acToT.

Paoiope:teini ainii

Paniopeneiini nidii € 0OAHHUM i3 BUAIB HA3EMHOro paiioss’s3Ky, O OCHOBa-
HUi Ha OaraTtopasosiii perpancnauii paniocurnanis. Papiopeneiini nixii yTBO-
pro1oThes 3 pajiopeneiiHuxX cTaHuili Ta/abo peTpaHCcIATOPiB. XapaKTepHOIO 0co-
OMUMBICTIO pafiopeneHUX MiHiil € BUKOPUCTAHHSA BY3bKOHANpPABIEHUX aHTEH Ta
PalioXBUAb JeUMMETPOBOr0, CAHTHMETPOBOrO Ta MIiNiMETPOBOTO JiaMa3oHIB.
Hudposi paniopeneiiti JiHil 38’43Ky BUKOPHUCTOBYIOTb perioHallbHI UM MicLeBi
CUCTeMM 3B 53Ky A rnepefadi AaHMX, a TAKOXK Ui 3B’ A3KY MK 6a30BUMU CTa~
HLUiAMH MODLTBHOTO 3B’ 3Ky [17].
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Pamopeneum AiHIT 1210Th MOMCTHBICTH OpraHizyBaTH JABOCTOPOHHIi Gara-
TOKaHaNbHHI 38°430K, ULO 3a0e3neuye fepejiaty K By3bKOCMYTOBHX, TaK i wu-
POKOCMYIOBHX CHTHAJIiB, @ TAKOXK BIAranyKeHHs KaHaniB 3B'A3Ky Ha NpOMik-
HUX MYHKTAX.

ITpy o0y 108i pamopenemnw NiHIF aHTeHH CYCiIHIX CTaHLM po3MilaTh
B Meskax npamol BHaMMOCTI. [le 3meHiuye AudpaKUiiiii 3aBMHPAHHS Mg vac
HOBHOIO 200 YaCTKOBOrO 3aKPUTTS 30HHM PO3MOBCIOKEHHs paldioxsuib. Brpa-
TH, 3ymMOBIIeH! AndpakuifHnMu JABMUPAHHAMH. MOKYTh BUK/IHKATY 3HAUHE 110~
cnabnenus curhany. Tomy Juts CTIKOTO 3B’A3Ky aHTEHH CTaHLLT PO3MILLyIOTh
Ha NPUPOIHKX BUCOUMHAX 200 creuianbHUX TeIeKOMYHIKAIHNX BeXax TaKuM
YHHOM, 1106 30HA MOUIMPEHHS CUTHATIB He Mana 3aBaj. [Ipy uboMy AanbHICTH
pagiopeneiiHnx niniit Moxe carath 40-50 kM.

Ha Biaminy Biil paniopenefiHux cTaHLil, pETPAHCAATOPH HE AONAOTH B pa-
aiocurHan AomatkoBoi iHopmallii, a MepeHanpassioTh HOro y 3al1aHOMYy Ha-
NpAMKY. PeTpanciaTops MoxyTh GYTH AK MACHBHUMH, TaK i AKTHBHAMA.

TTacHBHI PeTPAHCIATOPH 3IIICHIOTE BiAOHBAHHA pamocnrnany 6e3 Oyab-
AKOTO MpHIMANbHO-TIEPENIaBAILHOTO obnanHanHg i, Ha BiAMIHY Bi AKTHBHHX
PETPAHC/ISATOPIB, HE MIACHIIOIOTE Ta HE NePeHOCATs KOPUCHUH CHrHA Ha iHwy
gactoTy. IlacusHi pamopenenm PETPAHCIATOPH BHKOPHCTOBYIOTLCA y BHIIA/IKY
BiACYTHOCTI MPSAMOT BUAMMOCTI Mik pamiopeneHHHMU CTAHLIAMY, a aKTUBHI —

1 36inbIUEeHHS NAaNbHOCTI 3B7A3KY.

Slk MacBHHI PETPAHCAATOP MOKYTH BMKOpl/ICTOBVBaTHLb nacki BigGuBaui
(pedmemopn) Ta aHTeHH pajiopesiedHnX NiHii, 3’eaHani Mik cobor0 Koakcia-
NLHMUMH a00 XBIJICBOJAHMMM BCTaBKaMu (TAK 3BaHi AHTEHH, 3'€IHAHI «CIUHA 10
crmany). TTnacki BinOuati (pedekropu) BUKOPHCTOBYIOTECA MMPU HEBETHKNX
KyTax BinOWTTs Ta 3a0e3nedyioTh eeKTHBHICTD npudanzuo 100 %. Onnak i3
36UIbILIEHHAM KyTa BUIGUTTS e(heKTUBHICTb MIACKOro BiAGHBAYA (pednexTopa)
3MeHLLYeThC. [1epeBaroto MIacKHX PETPaHciATOPiB € MOKINBICTh BUKOPHC-
TaHHA IS PeTpPAHCAALIl [eKiNbKOX HAacTOTHMX JianasoHiB pamiopenieiHoro
3B'A3KY.

AUTeHH, 3 €HAHI «CIHHA 0 CIHMHWY, K [1PABWIIO, BUKOPUCTOBYIOTE ITPH
KyTax Binéurrs, Gansbkux 20 180°, i MatoTh eexTHBHICTD 50—60%. MoniCui
BiaGuaui (peqmemopu) He MOXKYTh BAKOPHUCTOBYBATHCH /1S PETPAHCIALLT e~
KifIbKOX UACTOTHHX [ianasoHiB yepes 0OMexKeHi MOKIMBOCTI aHTEH.

YacrtotHi Aianasonu Big 2 [Tu 1o 38 T'TU BIAHOCATECA 10 «KIACHYHHX» pa-
fiopeNefHUX YacTOTHWX Aiana3oHis. [l OJHOro 4aCTOTHOIO KaHaly TaKoro
paniopeneiiHoro AianasoHy BUAUIAETLCA CMYra 4acToOT He 6inpinx 28 My abo
56 MI'u. [janasouu Bia 38 T'Tu mo 92 I'Tu ana paaiopenedHoro 3’A3Ky € HO-
BUMM | BBXKAIOTHCS MEPCTIEKTUBHUMHN 3 TOUKM 30pY 30iMbLUEHHS MPOMYCKHOT
3aaTHOCTI 6e3npoBofoBUX JiHii [19].

CynymnuKkosi ninii nepet)utu

CyryTHUKOBI fliHii nepefadi € OAHUM 3 BULIB KOCMIYHOTO Pajioss’a3Ky, IO
6a3yeThCs Ha BUKOPUCTAHHI LUTY4HHMX CYMYTHHKIB 3eMli, Ha AKMX 3MOHTOBaHI
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petpaHcaaTopy. CynyTHUKOBI JiHii GOpMYOTECA MK Ha3eMHMMH CTaHLIAMH,
AKi MOXKYTh OYTH SK CTAUiOHAPHUMH, TaK i MOOLIbHKMH.

CynyTHHUKOBI JiHIl € PI3HOBMIAOM TpaaMUiMHUX paaiopenedHMX niHii, y
AKMX PETPaHCIATOPH BUHECEHI Ha [ly)Ke BEeJHKY BUCOTY (Bill AECATKIB 10 COTEHb
THCAY KIJOMETpiB). B CynmyTHHKOBHUX cCUCTeMax BHKOPUCTOBYIOTBCH aHTEHH
HBUY-nianazoHy 4acTtoT Ui OpUMHOMY pagiocMrHaiiB Bif HazeMHHUX CTaHLii i
peTpaHCALil LMX CUMTHAIB Hasaj 0 Ha3eMHMX CTaHuUii. B cynyTHHKOBMX Me-
pexax BUKOPHUCTOBYIOTBCS TPU OCHOBHMX THHH CYITyTHHKIB, K 3HaXOAAThCA HA
reocTalioHapHHX opOiTax, cepeaHix abo HU3bKMX opbitax. CynyTHHKH 3amyc-
KaloTbCs, SIK MpaBWIIO, IpynaMu. 3aBIAKkM PO3HECEHHIO No opbiTax, BOHU MOK-
PHMBAIOTb 3B’43KOM Maike BCIO MOBepxHIO NtaHetH 3emiid. CynyTHHKOBI JiHIT
JOLINbHO BUKOPUCTOBYBATH AJIA Opraisauii KaHasis nepeaadi MiK CTaHLIAMHE,
IO pO3TalliOBaHi Ha dyXe BeNHKMX BIACTaHAX, 1 3abe3neuyoTh 3B’s3koM ado-
HEHTIB y BaXXKOJOCTYIMHUX Micuax. [IponyckHa 31aTHICTb € BUCOKOI — JECATKU
1 coTHI Merabit 3a cekyHAy.

Ockinbku CynyTHUKOBUH 3B’130K € paiioss’a3KoM, AJ1s nepenadi uepes cy-
MyTHUK CUTHAJ NMOBHHEH OyTH MpoMoaensoBaHuM. Haitbinbw nommpeHuMu Bu-
JaMu LM¢poBoi Moay ALl € GazoBa MOAYAALIA | KBaapaTypHa aMILIiTy/iHa MO-
Aynsauia. Hanpuknag, B cucremax craHaapty DVB-S2 BHKOPHUCTOBYEThCA
QPSK, 8-PSK, 16-APSK u 32-APSK. Monynsuis BigOyBaeTbCsi Ha Ha3zeMHii
cTaHuUii. MooynbOBaHMIt CUTHAT MepeHoCHTLCA Ha NOTPiOHY YacToTy, MiACHIIIO-
€TbCA Ta HAaAXOMTh HA [lepelaBaibHy aHTeHY.

CynyTHUK, NpUIHABIUM CUTHAN BiA OAHI€! Ha3eMHOI CTaHUii, NEepeHOCUTh
fioro Ha iHIIYy YacToOTy, NIACUIIOE i Nepeaac iHwWii HazeMHil cTaHuil. Y cymyT-
HUKY Mo)ke OyTH KilbKa He3aJle)KHUX KaHajliB, W10 34IHCHIONTH Ui onepauil,
KO>KHHH 3 AKMX Npallo€e B IEBHOMY liana3oHi 4acToT (i kaHanu o6pobku Ha3u-
BAalOTbCA TPAHCIOHAEPAMHU).

Bubip yacroty ansa mepeaadi JaHHX Bil Ha3eMHOl CTaHLil 10 CynyTHUKa i
BiJl CyNYTHHMKa JO Ha3zeMHOl CTaHLil He € NOBUILHUM. Bi 4acTOTH 3a/eXHTS,
HanpuKaan, NOrJMHaHHA paxioXBuIb B atMochepi, a TaKoX HeoOXiaHI po3mipu
nepenaBanbHoOI | NpuiManbHO1 aHTeH. YacToTu, Ha skMX BiAOYBaeTbes NepeAaya
CHUTHAJIB Bil Ha3eMHOI CTaHUil 40 CYMyTHMKA, BIAPI3HANOTbCA BiJ YacToT, IO
BMKOPUCTOBYIOTbCA ISl Mepenaui Bij CyNyTHHMKa 10 HaseMHOI cTaHuii (mepuui,
AK TPABUIIO, MAIOTh BUILLY YACTOTY).

Benuka BiacTaHb MK Ha3eMHHMH Ta CYMYTHMKOBUMH CTaHUiAMH € MIPUYH-
HOIO TOrO, IO BiAHOWIEHHA CUTHAN/IUYM AOCUTb HeBenuke (HabaraTo Meiue
MopiBHAHO 3 GinbulicTiO pajiopeneiiHux niHii). s Toro, wob 3abesneuurtu
HeoOXigHy BipOTiAHICTb MOMMIKH, NOBOAUTLCA BUKOPHCTOBYBATH AOCUTH BEJU-
Ki aHTEHM Ta CKkJaJiHi 3aBafocTiiiki koau. OcobanBo rocTpo s rnpodnema npo-
ABJAETBCA Y PYXOMUX 00’€KTIB, OCKINbKM y HUX € 0OMEXEeHHs Loa0 po3MipiB
aHTEHH Ta MOTYXXHOCTI NlepeJaBaya.

Yepes HU3LKY MOTY>KHOCTI CUrHANYy BUHUKAE HEOOXIAHICTb y cUCTeMax BU-
NpaBlieHHs NOMMIOK. [ LBbOro 3aCTOCOBYHOTBCS Pi3HI CXEMH 3aBafoCTIHKOro
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KO/lyBaHHS, HaifuacTilue pi3Hi BapiaHTH KoliB (iHoxi B moeaHaHHi 3 Kogamu Pi-
na—ConomoHa), a Takox Typbo-koau i LDPC-koau.

Kpim Toro, Ha sKicTh nepeaadi 3iHCHIOIOT BIUINB edexTy B Tporocdepi Ta
ioHocdepi.

CTyniHb NOMMMHAHHA CUTHATY aTMOCHEPOIO 3aNeKHTh Bi HOCiHHOT 4acTo-
TH. MaKCHMyMH MOTIMHAHHSA NpUnagaoTs Ha 22,3 T (pe3oHaHe BOAAHNX Na-
piB) Ta 60 I'Tu (pesoHaHc KuCHIO), Takox MOrJMHAHHA CYTTEBO MO3HAYAETHCA
Ha PO3MOBCIOKEHHA CHIHANIB i3 4acToToro, BUOW0 10 I'Tu. OkpiM morniHakx-
Hi, M1 Yac MOINPEeHHs PalioXBuab y aTMocdepi BUHHKaeE edexT 3aBMUPaHHA,
11{0 3YMOBJIEHO Pi3HUMH KoediLliEHTAMHU 3aNOMIIEHHs Pi3HHX 1IapiB aTMocepH.

Jlo ioHocdiepHux edeKTiB, WO BIUTMBAIOT Ha MOWMPEHHA PajlioXBHIIb, Bif-
HOCATH MOTMMHAHHS, 3aTPUMKY MMOLUMPEHHs, JUCTePCito, 3MiHy 4acToTH, 0bep-
TaHHA TUIOUMHN nonapusauii [9]. Bei ui edektn nocnabmoroThes 3i 36inbLieH-
HAM YacTOTH. Hanpukian, JUIs CUTHANIB 3 4acTOTAaMH, 6muspxuMu o 10 I'Tw, 1
BIUJIMB 3MEHILIYEThCS.

CHrHaMM 3 BIAHOCHO HM3BKOK YacTOTOO MiANAOThCA iIOHOC(EPHOMY Mepe-
XTiHHIO, 10 3yMOBNeHO (GUyKTyaLiiMy PO3MOJiNy BiNbHUX €NeKTpoHiB. Pe-
3y7LTATOM LbOTO MEPEXTIHHA € NOCTIHA 3MiHa NOTYKHOCTI CUrHAIY.

[Ipo6aemMa 3aTPUMKK MMOLIMPEHH: CUTHANY TaK 4YM iHaKIe CTOCYEThCA BCIX
CYNyTHHKOBHX cricTeM 3B’43Ky. Hali6inbury 3aTpiMKy MatoTh CHCTEMH, IO BH-
KOPHUCTOBYIOTh CYIYTHHKOBHIl DETPAHCNATOP Ha reocTallioHapHiA opbiTi. ¥
LbOMY BMNAAKY 3aTPHMKa, 3yMOBJIEHA KiHIEBMM 3HAYEHHAM LIBAAKOCTI MOLUN-
peHHsl pafioXBuIb, CTAHOBUTL NpubGM3HO 250 Mc, a 3 ypaxyBaHHAM MYJIbTHI-
feKCYBaHHs, KOMyTallil Ta 3aTpuMok o6pobKu CurHaily 3aranbHa 3aTpUMKa MO-
e ctaHoBuTH 110 400 mc [9].

3aTpuMKa NoWMpeHHs HalGinbw HebGaxkana Npy nepeaasadHi iHpopmauii B
peanbHOMy 4aci, Hanpuknag, B TenepoHHomy 38’a3Ky. [Ipn HboMy, Akiwo Hac
TIOILMPEHHS CUrHAITY M0 CYNYTHHKOBOMY KaHaly 3B’A3Ky CTaHOBUTb 250 Mc, pi-
3HULA B Yaci Mix periikaMu aGOHEHTIB He Modxe OyTH MeHwow 500 Mc.

Modinsni padiokananu

PaniokaHanu MOGINBHOrO 3B 3Ky CTBOPIOKOTH 3@ MPUHUMIAMHM MOOITBHUX
TeneoHHHX Mepexxk. MoBinbHHUIT 38’130k — Le 6e3npoBojoBa TeNeKOMYHika-
wiiiHa cUCTeMa, L0 CKIIAIAeThCA 3 Mepesi Ha3eMHMX 0a30BHX CTaHLIM, ki npa-
LIOKOTh Ha MpuiioM/nepenady i MobinbHoOro komyTartopa (abo LEeHTPY KoMyTauil
Mo6ifbHOro 38°513KY). ba3oBi cTaHLil mia’eqHaHi 10 UEHTPY KOMYyTalil, AKKil 3a-
Ge3neuye 3B’430K AK Mix 6a30BUMH CTaHLIAMM, TaK i MDK iHIIMMH TenedOHHU-
MU MepexaMu Ta rinobaibHOIO Mepexero lHTepHeT. 3a CBOIMM (YHKUIAMH
LeHTp KoMyTalii € aHanorivHuM Ao 38u4aiinoi ATC npoBomoBoro 3B A3Ky.

Ha croropHilHiil geHs noxibHi Mepexi nepenaroTe JaHi i3 WBHAKICTIO A0
52 MGit/c y MikpoxBwiboBOMY fiarazoni abo iH(ppauepBoHOMY AianasoHi [17].
JAns 3B’A3Ky KOXeH 3 KOXHUM BUKOPUCTOBYIOThCSA HEHANpPSAMIICHI aHTeHH, a JUIA
Toro, wob iHppayepBOHEe CBITIIO PO3MOBCIOMKYBAJIOCH Y Pi3HMX HampAMKax,
BHUKOPUCTOBYIOTECS AUQy3iliHi nepenapayi, ki po3citoroTh NPOMEHi 3a JOmoMo-
o0 CHCTEeMH JTiH3.
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LMDS (Local Multipoint Distribution System) — ue craHzapT MoOINTBHUX
Mepex Ge3npoBonosoi nepeanadi iHdopmauii ans ¢ikcoBanux aboHeHTis. Cuc-
Tema po30ynoByeThCA 32 MOOINBHUM NPUHUMIOM, OfHa 6a30Ba CTaHLs AO3BO-
Jisi€ OXOMHUTH paitoH paliycoM B KiJibka KinoMeTpie (1o 10 kM) i mig’ennatu me-
KijbKa THCAY aboHeHTiB. CaMi cTaHUil 00’ €IHYIOTBCA MK COOOK BUCOKOIIBH-
KICHUMM Ha3eMHMMH KaHanaMH 3B’A3Ky abo paniokananamu. llIBuakicTe mepe-
Jadi aanux no 45 Moit/c.

Paniokananu WIMAX (Worldwide Interoperability for Microwave Access),
Ha BiAMIHY BiA TpaguUiMHHUX TEXHOMOriA pamiodocTyny, NpaLiolTh Ha BiaOu-
TOMY CHMTHaJli 1103a 30HOI MpAMOI BUAMMOCTI 6a3oroi cTaHuii. Excrieptu BBa-
KaroThb, WO MoGiNbHI Mepexi WIMAX BiaxkpuBaioTh HabaraTto uikaBiuli nepc-
HEeKTHBU JUIA KOPHUCTYBauiB, Hixk QixcoBannii WIMAX, npusHaueHuit ans kop-
MOpAaTUBHUX 3aMOBHHKIB. IH(opMmauilo MoXKHa mNepegaBaTH Ha BIACTaHi JoO
50 kM 3i wBMaKicTo 10 70 M6it/c.

Paniokananu MMDS (Multichannel Multipoint Distribution System) mo-
KyTh 0OCIyroByBaTH TEpPUTOpIIO B paniyci S50—60 kM, npu LpOMY npiMa BUAHU-
MiCTh NepefaBaya oneparopa He € 000B’43k0Bot0. CepelHa rapaHToBaHa ILIBH]-
KiCThb NepeaaBaHHs JaHUX cTaHOBUTH 500 K6it/c — 1 Mbit/c, ane moxHa 3abe3-
MeYuTy 10 56 MOIT/c Ha oAuH KaHall.

Cranpaptom 6€3npoBOAOBOro 38°A3Ky A1 JOKAJIbHUX MEPEeX € TEXHOMOris
Wi-Fi. Wi-Fi 3a0e3neuye 3’efHaHHA B ABOX pPEeXUMAX: «TOUYKa—TOuKa» (A
00’eHaHHA [IBOX KOMIT'JOTepiB) i 6aratoroukoBe 3’€AHaHHA (A7 NMiA’€AHAHHA
KiZIBKOX KOMIT'tOTEpIB 0 OAHIET TOUKK gocTyny). LlBuakicTe oOMiHy naHuMH
no 11 M6it/c npu 3’eAHaHHI «TOYKa—TouKa» i 40 54 Mb6it/c npu iHppacTpyKTy-
pHOMY 3’enHaHHi [12].

lle TexHonoris nepenayi JaHUX Ha KOpOTki Biactadi (He Oinbiwie 10 M) i
Moxke OyTH BUKOPHUCTaHa AJIs CTBOPEHHA AOMalLHiX Mepex. LliBuaxicTe nepe-
Jaui 1aHUX He nepesulnye 1 Mbit/c.

4.2 MepexeBe 001aAHAHHS

4.2.1 Mepe:keBi anantepu

Mepesicesi aoanmepu — 11e MepexeBe ycTaTKyBaHHs, 1o 3abe3neuye (yH-
KIiOHYBaHHA Mepexi Ha (i3MYHOMY | KaHaNbHOMY PiBHAX.

MepexeBuid  ajanTep BIZHOCUTbCS A0  repudepiiiHoro  npucTporo
KoMIT'I0Tepa, 6e3nocepeHbO B3aEMOJIE I3 cepeloBUILEM Mepeaadl JaHuX, AKe
NpsAMO YK depe3 iHlle KOMyHiKaliliHe o6GnagHaHHA NOB’A3ye HOro 3 iHWIMMH
KoMn’totepamu. Lleit mpucTpiii po3s’sa3ye 3aBHaHHA HaXifHOrO OOMIHY ABiHKO-
BUMU HaHHUMH, MMOJAHUMH BIAMOBIZHUMHU eJIeKTPOMArHiTHUMKM CUIHanami, Io
30BHIIIHIX NiHiAX 38°s13ky [4]. Sk i Gyab-ikuii KOHTpoJep koMn’toTepa, Mepe-
XKeBUH ajanTep Mpauroe Mid ynpae/liHHAM JpaiiBepa onepauiiHol cucremy, i
posnonin QyHKUIH MK MepexeBUM aJanTepoM Ta JpaiiBepoM Moxe 3MiHIOBa-
THCS BiA pealtizauii 1o peanizauii.
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KoMIT’1oTep, UM TO cepBep, 4n poboua CTaHLLiA, MiAKIOYAETbCA A0 Mepexi
3a ONOMOIOK BHYTPIIUHBOI MNATH — MepexeBoro agantepa (xouya OyBaroTh K
30BHILIHI MEPEXKEB] aanTepH, L0 MiAKIFOYAOTLCA 10 KOMII'I0TEPa Yepes napa-
nenpHud NopT). MepexeBHil azanTep BCTaBAAETLCA B IHI3AO MAaTEPHHCHKOI
naaTti. KapTu MepexxeBux ajantepis BCTAHOBMIOIOTECA Ha KOXHIH po6odiit cTa-
HLIT Ta Ha Gaiinosomy cepBepi. PoGo4a cTaHLis BiANpaBse 3anuT 0 daiinoso-
ro cepeepa i OTPUMYE BIAMNOBiAb 4epe3 MepekeBWi afgantep, konmu dainopuit
cepBep roToBuil. Mepexesi agantepu NepeTBOPIOIOThL MapanebHi KoM, IO BU-
KOPHMCTOBYIOTHCH BCEPEMHI KOMM'IOTEPA Ta MOJIaHi MaNonoTyXHAMH CHIHasa-
MU, B MTOCIIZOBHHUIA MOTIK MOTYXXHUX CUTHANIB [J11 Nepefadi JaHuX Mo 30BHill-
Hill Mepexi. Mepexesi afgantepy NoBUHHI OyTu cymicHi 3 KabenbHOIO CHCTe-
MO Mepesi, BHYTPilUHBOIO iHdopMaLifiHoro wuHowo TIK i MepexeBoro onepa-
L{IHOIO CUCTEMOIO.

@yuryii mepexncesux adanmepis

MepexeBi ananrtepy BUKOHYIOTh TaKi OCHOBHI onepauil npuiiomy uu nepe-
nadi nosigomyeHHs [8].

1. TaneBaHiuHa po3B’sa3Ka 3 KoakcianbHUM kabeneM ado Kpy4€HOIO Mapolo.
3 wic0 METo BUKOPHUCTOBYHOTECA IMIYIBCHI TpaHcgopmaTopu. IHoal ans
PO3B’A3KH BUKOPHCTOBYIOTHCS OMTPOHM.

2. puiiom (nepepaua) nanux. dani nepenarorsea 3 O3I1I1K B agantep abo
3 apanTepa B nam’sth 1K yepes mporpamoBaHuil KaHal BBEISHHs/BUBEACHHS,
KaHani NpAMOro A0CTyny abo po3AiNkHY MaM’AThb.

3. Bydepusauis. Ins y3ro/pkeHHs MIBUAKOCTEH NepecHsiaHHs JaHUX B aja-
ntep a6o 3 HLOrO 31 LWBKAKICTIO OOMiHY MO MepeXi BUKOPUCTOBYIOTECA OydepH.
ig yac oGpobku B MepexxeBOMy afantepi AaHi 36epiratotecs B Oydepi. Bydep
J03BOJIAE aZanTepy 3AiMCHIOBATH AOCTYN J10 BCbOro nakera iHgopmauii. Ipu
BUKOpHUCTaHHI Gydepis HeoOXiqHe Y3romKeHHs Mix coboro WBKAKOCTEH 06po-
6xu iHdopMalliT pizHUMHU KoMIToHeHTamu JIOM.

4, bopMyBaHHs nakeTa. MepexeBuil ajantep NMOBMHEH PO3UIMTH JaHi Ha
610k B pexxumi nepenaui (abo 3’eaHaty iX y pexxuMi npuitomy) nauux i ogop-
MHUTH y BUrsAi Kaapy nesHoro dopmary. Kagp MicTHTB Kinbka ciy»GoBUX 10-
JiB, cepes AKUX € afpeca KOMI'IoTepa NPU3HAYEHHS | KOHTPOIbHA CyMa Kajpy,
3a SKOK MepeXXeBUH ajanTep CTaHUI NpU3HAYEeHHS POOUTH BUCHOBOK PO KO-
PEKTHICTh JOCTaBNEHOT 10 Mepexi iHdopmauil.

5. Joctyn no 38’a3xy. Habip npaBun, aki 3abe3neyytoTh JOCTyN 0 cepeno-
BUIL@ Mepefiadi, BUABIEHHS KOHGIMIKTHHX CHTYallilf | KOHTPONB CTaHy Mepexi.

6. Inentudikauis cBoel agpecy B npuiiHaToMy nakeri. @isuyHa afpeca afa-
nTepa MOXKe BU3HAYATHCS YCTaHOBJIEHHSM IepeMHKauiB, 30epiraTucs B creuia-
npHOMY peectpi abo npowusaTtuca B 1311

7. TlepeTBOpeHHs NapanenbHOr0 KOy B NMOCTIAOBHMA KOA MpH Mepenadi
JaHMX 1 3 MOCNiROBHOrO KOy B MapalelbHUiT Npu npuiiomi. B pexanMi nepenaui
JaHi repearoThCs N0 KaHaly 3B 3Ky B ITOCTIAOBHOMY KOAI.

8. KoayBanHns i nekonyBaHHs aaHuX. Ha upomy etani nosunHi 6yt cdop-
MOBaHi eJIEKTPUYHI CUTHANM, WO BUKOPUCTOBYHOTLCA AMA IOJaHHA AaHMX. Bi-
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JBLICTL MEPEKEBHX aANTEPIR 3 Li€I0 METOK BUKOPUCTOBYOTh MaHUECTEPChKe
kopyBaHHs. Lleli meton He notpebye nepenadi CHHXPOHI3yBalbHUX CUIHAIIB
AJi1 PO3Ni3HABAHHSA OAMHULD i HYJIB 32 PIBHAMYM CHTHAIB, a 3aMiCTh LBOIO A7A
noaanHa 1 i 0 BUKOPUCTOBYETHCS 3MiHa MOJAPHOCTI CHFHAITY.

9. Ilepenava abo npuitoM iMnyseciB. ¥V pexumi nepeaadi 3akofoBaHi enex-
TPHUHI IMIYJIbCH IaHMX MepefaroThes B Kabeb (Mpu npuitoMi iMmynabcH crps-
MOBYIOTbCSA HA AEKOAyBaHHS).

MepexeBi afanTepy pa3oM 3 MepeXXeBUM NPOrpaMHUM 3abe3redeHHIM 31a-
THi PO3Mi3HABaTH i OOPOGIATH TOMMIKM, SKi MOXYTh BUHMKHYTH Hepe3 eNeKT-
pHU4Hi 3aBajM, KONi3il 4 noraHy poGoTy obnanHaHHs.

Tunu mepesscegux adoanmepis

MepeixeBi afantepy po3pisHAIOTHCA 32 TUIMOM | PO3PAAHICTIO BUKOPHCTO-
BYBAHOI B KOMIT'10Tepi BHYTpiHBOT inHu aaHux — ISA, EISA, PCI, MCA.

Mepexesi anantepd po3pisHAIOTBCA TAKOXK 3@ THUIIOM MPUHHATOT B Mepexi
MepexeBol TexHonorii — Ethernet, Token Ring, FDDI Towo. Sk npasuno, Kox-
KpeTHa MO/le/lb MEpPEKEBOro aanTepa MNpaLtoe 3a NEBHOK MEPEKEBOI TEXHO-
aoriero (Hanpuknan, Ethernet). V 38’s13Ky 3 TUM, 1O AN KOXHOT TEXHOJOTI] 3a-
pas € MOXIUBICTb BUKOPUCTAaHHA DPi3HMX CepefloBHII Mepeaayi AaHuX (Harpu-
knan, Ethernet niarpumye koakcianbuuil kabenb, HeeKpaHOBaHy KpyUueHy Hapy
Ta ONTOBOJIOKOHHHMI Kabellb), MEPEKEBUI ajianTep MOXe MiATPUMYBATH AK Ofi-
He, Tak i O/IHOYACHO KiNbKa cepeloBHIL. Y BUNAAKY, KOJIM MepexeBHil aganTtep
NiATPUMYE TiNbKU OJHE CepelOBHULLE Nepeadi, a HeOOXiAHO BUKOPHCTOBYBATH
iHLIeE, 32CTOCOBYIOTBCA TPAHCHBEPH | KOHBEPTOPH.

PisHi TUNM MepekeBUX ajanTepiB BiAPi3HAIOTLCA HE TIbKM METOAAMH 4OC-
TYHy A0 CEPEOBUILA i IPOTOKOAAMH, aNie i TAKUMH NapaMeTpamMu:

- WBUAKICTH NMepeaaui;

- obcar Oydepa s nakera;

- TYN LLUMHY,

- IUBUAKOAIS LUIMHU;

- CYMICHICTb 3 Pi3HUMH MiKpOTpPOLECOpamHu;

- BUKOPUCTaHHA NpAMOro aoctymy o nam’sti (DMA);

- ajipecallisi NOPTiB BBEICHHA/BUBEAEHHS | 3aMUTIB NEPEPUBAHHS;

- KOHCTPYKLUisd po3’emy.

4.2.2 lopTOpIOBaYi Ta KOHUEHTPATOPH

OcHoBHa GyHKLIA nosmoproeaua (repeater) — MOBTOPEHHS CUTHANIB, LIO
HaaxolaTh Ha Horo nopt. [ToBTOproBay NoOKpallye eleKTpUUYHi XapakTepUCTHKH
CUI'HANIB Ta iX CUHXPOHHICTb, i 33 PAXyHOK LbOTO 3’ABIAETHCS MOKIUBICTE 30i-
JbUIYBaTH 3aranbHy AOBXHHY Kabelto MiX HaliBiomaneHilulMMu B Mepexi By3-
namu [2, 5, 10].

bararonoproBuii MIOBTOPIOBAY Ha3KBalOTh KOHUeHmpamopom
(concentrator) abo xadom (hub), ue BigoGpaxae Toi QakT, WO AaHUIA MPUCTpIl
peanisye He TiNbkM (yHKLiI0 MOBTOPEHHA CUIHAMIB, ajle il KOHUEHTPYE B OJHO-
My LEHTpanbHOMY OpHCcTpoi (yHKUIT 00’€qHAHHA KOMIT'IOTEPIB B Mepexy.
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[IpakTUUHO y BCiX CyUaCHMX MepeKeBMX CTaHJapTaX KOHUEHTPATop € HeobXia-
HUM ENEMEHTOM Mepexi, L0 3’€IHY€E OKpeMi KOMITIOTEPH B MEpexy.

DYHKILT, 110 BUKOHYE KOHUEHTPATOP, HaGmKeHi 10 QyHKLIH MyAbTHILIEK-
copa. S1ApoM KOHLEHTPATOpa € poLecop.

B KOHLEHTpaTOpi CyMapHa MPOMycKHa 3AaTHICTB BXiAHHUX KaHANIB € BULIOK
3a NPOMYCKHY 3AaTHICTb BUXiAHOro KaHany. OCKiflbkH MOTOKHM BXIAHMX J@HUX B
KOHLIEHTPATOPi € GiNbIUNMMHK 33 BUXIZIHHH MOTIiK, TO FOJOBHNUM HOTO 3aBAaHHAM €
KOHUEHTpaLis AaHuX. Y pasi, koau yucno 6I0KIB JaHMUX, WO HAXOAATE Ha BXO-
I KOHLEHTPATOPa, NEPEBHILYIOT HOr0 MOXIMBOCTI, TO/i KOHUEHTPATOP Mik-
BilOBy€ YaCTHHY UMX OJIOKIB.

Slky 6 cknagHy CTPYKTypy He YTBOPIOBAIM KOHUEHTpaTopH, BCi
KOMIT'1OTepH, L0 Nin’eIHaHI A0 HUX, YTBOPIOIOTh €IUHUNA NOTIYHUM CEerMeHT, B
akomy Gynb-fKa napa B3a€MOAIIOYNX KOMITIOTEPIB MOBHICTIO GOKYE MOXIH-
BicTh 0OMiHY JAHMMH [UTS HIIMX KOMIT IOTEPIB ULOTO CETMEHTA.

Bupo6HUKH KOHLEHTPATOPIB Peasi3oByrOTh B CBOIX MPUCTPOSX pisHi Habo-
pu aopatkoBux GyHKUiM, ane HaituacTille 3ycTpidaoThes Taki [4]:

- 00’eNHaHHA CErMeHTIB 3 pi3sHuMM (i3MUHMMK cepeoBHIIaMU (Hampy-
Knaj, koakcianbHuil kaGenb, Kpy4eHa napa, ONTOBOJIOKOHHUIE Kabesib) B €AMHMA
JIOFiYHUI CErMEHT;

- aBTOCErMeHTalis TMOPTiB — aBTOMAaTHU4He Bifl’€[IHAHHA MOPTY MpH #Horo
HEKOPEKTHii NoBeAiHL (OWKOHKeHHS KabeTo, IHTeHCHBHA I'eHepalis MaKeTiB
HOMHIIKOBOT AOBXHHU TOLLO);

- MIATPMMKA MDX KOHLEHTPATOPaMH Pe3epBHUX 3B’A3KiB, AKi OymyTs 3a4i-
AHI y pasi BiIMOBHM OCHOBHHX 3B A3KiB;

- 3aXHCT NEPeiaHuX 110 Mepexi JaHWX Bill HECAHKLIOHOBAHOIO JOCTYITY,;

- cy4acHi KOHLEHTPAaTopy MaiOTh MOPTH JUIA Mi’€AHAHHA 0 PI3HUX JIO-
KaJlbHUX MEpex;

- nmigTprMka 3acobiB ynpasniHHA MepexaMH.

KoHUeHTpaTopy Ta MOBTOPIOBaUi € MEPEXEBUMH NMPUCTPOIMH, LIO AIIOThH Ha
¢isnuHoMy piBHi Mepexesoi moaeni OSI. Binpisku kabemo, wo 06 €1HYIOTE
ABa KoM toTepy abo [Ba IHIIMX MEPEeKeBHX MPUCTPOI, Ha3UBAKOTECH PiszUuHU-
MU cezMermamu, TOMy KOHLIEHTPaTOpH | MOBTOPIOBaUi, AKI BUKOPUCTOBYHOThCA
AN JOIy4eHHs HOBUX (i3MYHMX CerMeHTIB, € 3acobamu (i3MUHOI CTPYKTYpH-
3auii Mepexi.

4.2.3 MocTH Ta KOMYTaTOpH

TlepLui MpUCTPOI, 1O J03BOMIANM 06’ €IHYBATH Kinbka Mepex, Oynu nBonop-
TOBUMM i OTPUManK Ha3By Mocmie. 3 pO3BUTKOM NAaHOTO THIY OONaiHaHHA BO-
HY cTanu 6araTornopTOBUMH i OTPUMANH Ha3By Komymamopie (7, 9]. TleBnuit
yac oOuBa MOHATTA ICHYBAIM OJHOYACHO, a Mi3Hillle 3aMiCTh TepMiHa «MicT»
CTaJi 3aCTOCOBYBATH «KOMYTaTOPY.

MicT, a Takox HOro LMBHALIMA aHATOr — KOMYTAToOp, MOAINAIOTh 3arajibHe
CepefoBHILE Nepeaayi JaHuX Ha NoriyHi cermenTy (puc. 4.21). Jloriunui cer-
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MEHT YTBOPIOETbCA WIIAXOM 00’ €fHaHHA KinbkoX (Pi3UUHUX CerMeHTiB (Bimpis-
KiB kabeio) 3a JOMOMOTOI0 OIHOrO 4Y KiJIbKOX KOHLEHTPATOpIB.

MicT

po3ginbHe
cepefopuuse

Pucynok 4.21 — JloriuHa CTpyKTYypu3allis Mepexi 3a ZONOMOrol MocTa

KoxxeH noriuHuii cermMeHT MiAKIIoHaeTbes 10 OKpeMoro nopty mocta. [licas
HaJIXO[UKEHHs KaJpy Ha MeBHUI MOpT MIiCT MOBTOPIOE e Kajp, ane He Ha BoiX
noprax, fAK Le poOHUTh KOHLEHTPATOp, a TilbKM Ha TOMY MOpPTi, OO SKOrO
Nia’€HAHO CErMEHT, IO MICTUTb KOMIT toTep-aipecar.

Tum caMuM MicT i3o/moe Tpadik 0OHOro cerMeHTa Bif Tpadiky iHWIOro, i
NiABUILY€E 3arajbHy NMPOXYKTHBHICTh Mepexi. Jlokanizauis Tpadiky He nuuie
€KOHOMMTb MPOIYCKHY 3[aTHICTb, ajte i 3HHKY€E MOXKIUBICTh HECAHKLIOHOBAHO-
ro A0CTyIy OO JaHMX, OCKUIBKH KaJpH He BUXOAATb 32 MeXi CBOrO CerMeHTa i
X CKIafHille nepexonuTy 3M0BMUCHHKOBI,

Ha puc. 4.22 nokazaHo Mepexy, Ky 6yno OTpUMaHO 3 Mepexi 3 LeHTpallb-
HHUM KOHLIEHTpaTopoM (MofepeAHii NpUKIaa) LWAAsXoM HOro 3aMiHH MOCTOM.
Mepexi Bigainie 1 i 2 cknagaloTbesl 3 OKPEMHX JIOTIHHUX CErMEHTIB, a Mepexa
Biazminy 3 — 3 ABOX NOriuHux cermeHTiB. KokeH NOriYHMI cerMeHT nodyaoBaHo
Ha 6a3i koHuUeHTpaTopa. BiH Mae npocTy dizudHy CTpYKTYpY, IO YTBOpeHa Bijl-
pizkamMu Kkabemto, sAKi Mif’€AHYIOTb KOMIT'IOTEpH IO TMOPTIB KOHLEHTpATOpa.
Skio kopucTyBay KomI’ioTepa A HaOcunae gaHi A0 koM ’oTepa B, wo 3Haxo-
AMTLCA B OJHOMY 3 HUM CErMEeHTI, TO Ui JaHi OyayTb MOBTOpEHi Julle Ha Mepe-
’KeBHX iHTepdeiicax 1X 3aranpHOro cerMeHTa.

Hns  nokanizauii Tpadiky MOCTH BHMKOPUCTOBYIOTb anaparHi aapecu
KOMIT' FOTEPiB.

SIx¥MM 4MHOM MICT Ai3HA€TbCA NPO NOPT, Ha KW Tpeba nepesatu Kaup,
ajoke amapaTHa azpeca He MICTHUTb JKOAHOI iHdopMauii Npo HanexHicTb
KOMI'10TEpa 3 JAHOK aAPECcOl0 /10 TOro UM IHILOro cermeHta? 3BuuaiiHO, Taka
iHbopmauis Moxke 6yTH HaJaHa MOCTY aaMiHicTpatopom nig uac pyuHoi koHdi-
rypauii. [Ipote Takuii croci6 € Mano NpUIATHUM AJA BEAUKMX Mepex. MicT Bu-
pilllye L0 3aj1a4y aBTOMATH4HO, 3@ AOMNOMOrOI0 [POCTOrO HABYAIBLHOIO AJIrOpu-
T™Y.
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KonueHTpaTop

S

Bigain 2 Biaain 3

Biaain 1

PucyHok 4.22 — €xuHe po3ainbHe cepe/loBuUILe 3a JONIOMOFO0 MOCTa
TiepeTBOpeHe Ha YOTHPH PO3ALTbHUX CepeJoBHILa

Byns-1Kuil akeT o6pobAAeTLCA TAKUM YHHOM:

1. MicT BuTarye 3i ciyx6oBoi iHpopmauii makera MAC-aapecy Biamnpas-
HMKa | wykae ioro B Tabnuui aapec aBOHEHTIB, 110 BIZHOCUTHCS 0 JaHOro
nopty. SIkwo wiei agpeck B Tabauui Hemae, TO BOHA TyU NOMAETHCA. Takum
YKHOM, aBTOMaTH4HO GOPMYETLCS TAaGIHLA aipec BCiX aGOHEHTIB KOKHOTO ce-
IMEHTAa, WO NiA’€IHaHi 10 MOPTIB MOCTA.

2. MicT BUTATYe 3 MaKeTa afipecy OJiepKyBaua i Liykae HOro B TabnuLLAX
aznpec, 1o BiZHOCATBCA 0 BCIX MOPTIB!

- AKLLO MAKeT aPecoBaHO B CErMEHT, 3 AKOrO BiH HalifILIOB, TO BIH He (i-
JABTPYETHCH;

_ AKWIO NaKeT IWHMPOKOMOBHHIL a60 IPYMOBHIi, TO BiH PETPAHCIIOETECA Y BCI
TIOPTH, OKPiM TOTO, 3 AKOTO HalifOB NaKeT;

- AKILO NAaKeT aJpEcoBaHO OIHOMY aOOHEHTY, TO BiH PETPAHCIOETbCA JIH-
1€ B TOJ MOPT, A0 AKOTO MPHEJHAHO CErMEHT 3 UMM aGOHEHTOM;

- AKIIO afpecy MpuiiMaya He BHABEHO B XKOAHIH 3 Tabnuup aapec, To na-
KET HaJCUJIAEThCs JI0 BCIX MOPTIB, OKPIM TOr0, 3 AKOTO BiH HALIMILOB (K LIHPO-
KOMOBHMiI1).

TaGnuili agpec aGOHEHTIB MarOTh 0GMesKeHHH PO3Mip, TOMY BOHM (opMy-
OTbCA TaK, WOG MaTH MOXIHMBICTL aBTOMAaTHUHOTO OHOBJEHHS CBOTO BMICTY.
Anpecu aGOHEHTIB, AKi A0Bro He HAACHNAIOTH rakeTiB 3a MEBHMI yac (3a craH-
naptom IEEE 802.1D — 5 XBHIIMH) BUTHpalOTECA 3 Tabnnui. Lle rapanTtye, wo
afpeca aBOHeHTa, AKOro Bil’€/(HAHO Bil Mepexi abo nepeHeceHo A0 iHWIOro ce-
IMeHTa, He 3aiiMaTuMe 3ailBoro Micus B Tabuui.

O[HOYACHO MICT MOXE PeTpaHCIIOBAaTH TibKM OAMH makeT. Bei gynkuii
MOCTa BMKOHYIOTBCA MOCTIOBHO OJHWM LEHTpanbHUM npouecopom. Came To-
MY MICT NPALIOE 3HAYHO MOBibHILIE, HIXK KOMYTATOP.
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MocTtu He MalOTh MeXaHi3MiB yNpaBiiHHA MoTokamMH 610KiB gaHux. Tomy
MO€ CTAaTHCA, IO BXiAHUH NOTIK GJIOKIB BUABAAETHLCA OiNbIUMM, HI>K BUXIAHUIL.
VY upoMy BUMAJKy MIiCT MOJKE He BIOpaTHcs 3 0OpOOKOK BXIAHOrO MOTOKY, i
fioro Gydepu GyayTts nepenosHtoBatucs. [1o6 poro He BiaGynocs, HagMipHi
6J10KH BUKHIAIOTHCA.

MocTH MOXYTh MiATPUMYBaTH OOMIH MiX CEerMEHTaMM 3 Pi3HOIO IUBM/IKiC-
TIO Nepefiadi, a Takoxk 3abe3neuyBaTH CrOMyYeHHs HaniBAYIJIEKCHUX i IyIUIEK-
CHHMX CErMEHTIB.

Ockinbku ToYHa TOMOJIOTiA 3B’ A3KIiB MDX JIOMYHUMY CETMEHTaMH MOCTY €
HEBiZIOMOIO, BiH MOXE PABMILHO MPALFOBATH JIMIIE B TUX MEPEXax, B AKHX
MDKCETMEHTHI 3B’43KH He YTBOPIOKOTh 3aMKHYTUX KOHTYpIB (M€Teb).

Omxe, MocT MarOTh abCOMIOTHO NeBHe Npu3HavenHs. [lo-nepine, BOHU
NpU3Ha4YeHi W1 3’€AHAHHST MEPEKEBHX CETMEHTIB, IO MaiOTh Pi3Hi ¢isuuni ce-
pefOBHUILA, HAMPUKAaA, 4/ 3’ €IHAHHA CerMEHTa 3 OMTOBOJIOKOHHUM Kabenem i
CerMeHTa 3 KoakcianbHuM kabenem. [To-mpyre, MOCTH MOXYTb 6YTH BHKOpHC-
TaHi 714 3B’A3Ky CErMEHTIB, L0 MAIOTh Pi3Hi NPOTOKONN HMXKHIX PiBHIB ((izuu-
HOTO i KaHAJIBHOTO).

Komymamop (switch)

KomyTaTop 3a GpyHKUIOHANBHICTIO € MOAIOHUM 10 MOCTa 1 BiApi3HAETbCS BiA
MOCTa, B OCHOBHOMY, BHILOW MpOAYKTHBHICTIO. KokeH mnopT koMmyrartopa
OCHAUIEHO CreuiaibHUM MPOUecopoM, fAkuii 0Bpobise Kaapu 3a aaropuTMom
MOCTa He3aJleXHO BiJ npouecopis iHWKX MopTiB [9]. MICT B KOkKEH MOMEHT
yacy Moxe 3iHCHIOBATH Nepeaaydy kaJpiB TiIbKM MK OZHIEI0 Apoko MOpTiB, a
KOMYTaTOp OAHOYACHO MiATPHMYE MOTOKM JaHMX MDK BCiMa CBOIMM TOpTaMmH.
THWMMH croBaMu, MICT Tepeae KaapH MoCAiOBHO, @ KOMYTATOP napasesbHo.

MocTtu 3’aBUIMCS B Ti 4acH, KOJIM MEpPexy AUTMIM HA HEBENUKY KiNbKICTb
CerMeHTiB, a MikcerMeHTHHMIT Tpadik 6yB HeBenMkUM. Mepesky HaituacTiute ai-
JIMJIA Ha BA CETMEHTH, TOMY i TepMiH OyB BuOpaHuitl BignoBiauuit — Mict. s
06po6KM MOTOKY AaHMX 3 CepeJHbOI iHTeHCHBHICTIO 1 M6it/c MocTy winkom
BHCTAYAJI0 NPOAYKTUBHOCTI OMHOrO npouecopHoro 6ioxa. Ipu 3MiHi cutyauii B
KiHLi 80-X — nouatky 90-X pokiB — MOsABI LIBMAKUX IPOTOKOIB, NPOAYKTHBHHX
NepCOHAIbHUX KOMI'IOTEpiB, MyIbTHMeNIHHOI iHdopMallii, posnineHHi Mepesxi
Ha BENUKY KiNbKiCTh CErMEHTIB — K/IACHYHI MOCTM MepecTaly CIIPaBJATUCA 3
po6oToro. O6cyropyBaHHs NOTOKIB KaApiB Mix KilnbkoMa NopTaMu 3a 10MOMO-
rOK0 OJHOTrO MpPOLIECOpHOro Ooka NOTpebyBano 3HAYHOrO MiABHILEHHS LIBU/-
Kozii npouecopa i 6y;10 AOCHTb AOPOrUM PILLIEHHAM.

Edextrprimum BUABHAOCS pillleHHs, AKe | «TOPOAMIO» KOMYTaTOPH: AMA
o6cyropyBaHHA MOTOKY, WO HAAXOAMTL HA KOKEH MOPT, B NPUCTPIil cTaBUBCA
OKpeMHMii crieuianizoBaHuii nporecop, AKUil peanizoByBaB ajropuTM MocTa. 3a
CBOEIO CYTTIO, KOMYTaTop — e MYJIbTUIPOLIECOPHHUIT MIiCT, 30aTHHIT NapasnesibHO
NpocyBaTH KaJapH Bipa3y MiX BciMa napamu CBOIX MOPTIB.

Konu cTano ekoHOMi4HO BUNpaBAAaHO BMKOPHUCTOBYBATH OKpeMi creLiai-
30BaHi MPOLECOPH Ha KOXKHOMY MOPTY KOMYHIKaLiHOrO NpUCTPOXO, KOMYTATO-
Py NIOKaNbHUX MEPEeX MOBHICTIO BUTICHWIIM MOCTH. 33 paXyHOK LbOro 3arajbHa
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NPOAYKTHBHICTH KOMYTaTOpa 3a3BUUali € BULIOK 32 NPOAYKTHBHICTb TPaauLlii-
HOTO MOCTa, 110 Ma€ OfMH MPoLecopHUit 610K,

B komyHiKkauiiiHill MepesKi KOMyTaTop € CUCTEMOI PEeTPaHCIALIIl — CHCTe-
MOIO, 1110 NpU3HaYeHa A Nepeaadi AaHuX abo nepeTBopeHHs npoTokodis. Ko-
MyTauis 30iMCHIOETBCS TyT Ge3 »oaHoT 06pobky nanux. Komyrarop He mae Gy-
depis i He Moxe HakomudyBaTH faHi. ToMy NMpM BHKOPHCTaHHi KOMyTaTopa
IWBUAKOCTI Tlepeaati CUrHaniB B KaHajnax MatloTh 30iratrca. Kananessi npouecy,
10 peanizoByrOTLCA KOMYTATOPOM, BUKOHYIOTb CMIeLiaibHi iHTErpaibHi CXEMH.

CriouaTky KOMYTATOPH BHKOPHMCTOBYBANMCA JWLIE B TEPUTOPIabHUX Me-
pexax. YToTiM BOHM 3’ABHIINCA | B JIOKANBHAX MEpExXax, HAIPHKIad, KOMyTaTo-
PY TIpHBaTHUX ycTaHoB. [li3Hime 3’sBHUMNCA KOMYTOBaHI JOKaNbHI Mepexi, iX
SZPOM CTa/I KOMYTaTOPH JIOKAIbHUX MEPEX.

Komytartop moxe 06’ €aHyBaTH ceppepH i OyTH OCHOBOW A 00’ €AHaHHA
KinpKox poGounx rpymn. BiH ckepoBye nMakeTH JaHWX MiXK BY3/aMH JOKalbHOT
Mepeski. KoskeH KoMM'loTep cerMeHTa OTpUMYE JOCTYIN JIO KaHay nepeaayi aa-
HUX 6€3 KOHKypeHLil | 6aunTh nuiue Toi Tpadik, AKKUHA Kypcye B HOrO CETMEHTI.

DyHKIiT KOMyTaTOpa NoKanbHo! Mepexi [2, 4]:
3abe3rneveHHs HacKpi3HOT KOMYyTallii;

HasBHICTb 3ac06iB MapLIPyTH3aLIi;

NiATpUMKa NTPOCTOTO MPOTOKOY YIIPaBIIHHA MEPEKELO;
imitauis Mocta abo MapLIpyTH3aTOpa,

opraHizauis BipTyanbHUX Mepex;

IIBHJIKICHA peTpaHCIIALlia O10KIB JaHUX.

BignogigHo 1o 6a3oBol etanoHHol Mogeni OSI MOCTH Ta KOMYTaTOpH OMHU-
CYIOTBCA MPOTOKONaMK (i3MUHOro | KaHaNbHOro piBHiIB. MOCTH Ta KOMYTAaTOPH
nepeTBoproroTs Gizuunuit (1A, 1B) i kananbuuii (2A, 2B) pisHi pisHux Tunis
(puc. 4.23).

|

Mict

<— Kavan 1—| 2A 2B ta— Kawan 2 —

1B

; 1A
Mepesxa 1 Mepesxa 2

‘4 3aranbHuil kaHan

—_—
Pucynok 4.23 — ToeaHaHHs BOX Mepesx 3a JOMOMOroi0 IBOX KaHasliB
O6MexeHHs, WO M0B’A3aHi i3 3aCTOCYBaHHAM MOCTIB i KOMYTaTOpiB, — 3a

TOTIONOTIEI0 3B’A3KIB Ta iHUIMX — MPUBENIH 40 TOTO, WO B Mepesiky KoMyHika-
LIHHAX NPUCTPOIB 3’ABUBCA LiLe OJUH NMPUCTPiH — MapLIPYTH3aTOP.
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4.2.4 Mapuipyrusarop

Mapwipymuszamop — cucremMa peTpaHciLii, WO Crony4ae ABi KOMyHika-
UifHi Mepexi abo iX yacTHHY. MaplupyTH3aTOpy MpPaLIOIOTh HA TPETLOMY (Me-
pexxeBoMy) pieHi Mogenti OSI, mo B3aeMolie 3 NPOTOKONAMHU BHLIMX PiBHIB [2].

MapuipyTu3atopt, K i MOCTH ab0 KOMYTAaTOPH, PETPAHCTIOIOTh MaKeTH 3
oAHi€l YacTHHK Mepexi B iHuy. CriouaTky MaplipyTH3aTop Bifl MOCTa BilpisHs-
BCsl TiNBKW THM, IO Ha KOMIT'I0Tepi, KW 06’ efHye ABI 4 Giblly KifbKicTb
Mepex, 6y/10 BCTaHOBNIEHO iHLIe fporpaMHe 3abesneueHHs. CbOromHi Mix Ma-
PLUPYTH3ATOPOM i MOCTOM iCHYIOTh PUHLMIIOBI BiaMiHHOCTI {1, 3, 10]:

- MapuIpyTH3aTOpHU MPaUIOOTs He 3 Pi3MUHHUMH agpecamu nakeTis (MAC-
ajpecaMu), a 3 JOTYHUMH MepexxeBUMH anpecamu (IP-agpecamu);

- MapuIpyTH3aTOpH PETPaHCIIOOTh HE BCIO iHpOpMaLito, L0 NPUXOAHTS,
a TUIbKK Ty, KA aipecoBaHa A0 HUX OCOBMCTO, | BiAKMAAOTL (He peTpaHCio-
10Th) MIMPOKOMOBHI MaKeTH;

- MapupyTH3aTopH, Ha BiiMiHy Bill MOCTIB i KOMYyTaTopiB, He € IIPO30pH-
MM A7 aOOHEHTIB.

['onoBHOO BIAMIHHICTIO € Te, O MApLIPYTU3aTOPU MIATPMMYIOTh MEPEXi 3
BEJIMKOIO KiJIbKICTIO MOXJIMBMX MaplupyTiB Ta WUIAXiB nepeaaui iHpopmatii,
Tak 3BaHi KomipyacTi mepexi (meshed networks). Ipuknan Takoi Mepexi Habe-
AeHud Ha puc. 2.24. MoctH x noTpebyioTh, W06 B Mepexi He 6yno mnerens,
o6 WX nowupeHHs iHgopMauii Mix aBoMa Gyab-AKMMU aGoHeHTamu GyB

25" oo s
b2 3

MapLupyTtnsatop

MapuupyTusatop

CEINEY Y.
& & &

Pucynox 4.24 — KomipuacTa Mepeska 3 MapILpyTH3aTOPaMH

MapipyTisatopy € CKIagHilUMMH 3@ MOCTH i KOMYTATOPH i, BiAMoBigHO,
DOpOXYMMH. MapupyTH3aTopaMy CKJIaiHille YpaBiIATH, BOHU € MOBiNbHILIM-
MU 33 xoMyTaTopu. [IpoTe, BOHM 3a6e3neuyloTh HAUTIUOLLE PO3IITEHHS Mepexi
Ha YaCTHHHU.
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SIKLIO KOHLEHTPATOpH JMILE MOBTOPIOIOTH BCi makeTH ((pisuunuii piBeHb
mogeni OSI), 1o HaZifmM Ha HUX, KOMYTATOPH | MOCTH PETPaHCIIIOKOTh Tiflb-
K¥ MDKCErMEHTHI i LIMPOKOMOBHI NMakeTH (KaHANbHUH piBEeHb), TO MapUIpyTH3a-
TOpPH CMONMYH4aloTh OKPeMi ABTOHOMHI MEpeXi, O He BIUIMBAIOTL O/IHA HA OMIHY,
36epiralotu MpH LUBOMY MOXIMBICTb Nepenati indopmauii Mbk HUMH (Mepesxe-
BUH piBEHD).

Po3mip Mepesxi, WO Mix’€AHYETbCS 10 MapLIpyTH3aTOPa, MPAKTHYHO Hi4NM
He 06GMeXeHO: Hi JIONYCTHMUMHK PO3MipaMH 30HHM KOH(IIKTIB, Hi A0MYyCTUMOIO
KINBKICTIO IIMPOKOMOBHMX MaKeTiB, Hi MOXIMBHMH IS KOMYTAaTOPIB i MOCTIB
PI3HOMAHITHHMHU MepeBaHTaXEHHAMH. [Ipr 1BOMY JeTKO 3a0€3MeUyIoThCA allb-
TepHATHBHI, My6IOI0] WISXY MOWMpPerHs indopMaLii A5 36IMbLIeHH HaliA-
HOCTI 3B 5I3KYy.

Jlna BubOpy MaplupyTy KOxeH MapupyTusatop Gopmye B CBOIH mam’sTi
TabauLl JaHUX, AKi MICTATD:

- HOMepH BCiX Mepex, 1o NiA’eAHaHi 10 JaHOTO MaplIpyTH3aTopa;

- CITMCOK BCiX CYCIAHIX MapIIpyTH3aToOpiB;

_ cnmcok MAC-anpec i IP-agpec Bcix aGOHEHTIB Mepex, WO Mil’€AHaHI
10 MapipyTusatopa. Liedl cincok aBTOMAaTHYHO OHOBMIOETLCA, AK iy pasi Moc-
TiB | KOMYTATOPIB.

KpiM TOro, cnucok BCiX AOCTYMHUX MApLUIPyTH3aTOPiB MOBHHEH 6yTH Yy KO-
HHOro aboHEeHTa Mepexi.

MapiupyTuszatopy 06polialoTh aapecHy indopmauilo, Wo MICTUTBCA Y
cnyx6oBii ingopmauii nakera. Bona MicTuTs HoMep Mepexi, i came L Mepexi
CMOJTy4ae MaplLIpyTH3aTop.

KoskeH aGOHEHT, Mepus Hidk BiANPaBUTH MMaKeT, BU3HAYAE, Y4 MOXe BiH CKe-
pyBaTH HOro 6e3nocepeHbo 0 ONepKyBada, UM HoMy MOTPiOHO CKOPUCTATHCA
NOCAyraMy MapupyTu3aTopa. SIKUO HOMEp BJAcHOi Mepexi BiAMpaBHUKA 36i-
FaeTheA 3 HOMEPOM MEpeXi OTPHMYBaua, TO MaKeT NepefacThest Ge3nocepennyo,
6es MappyTH3aLii. SIKIWO OTPUMYBaY 3HAXOJMTECA B IHIUIA Mepexi, To maker
fepefiaeThes JO MaplIpyTH3aTopa, kUil CKepoBye HOro y mortpiGHy Mepexy.
TIpH LbOMY BUXO/IMTb, IO MAKET B LiNOMY aAPeCOBAHO 10 MaplIpyTH3aTOpa (AK
110 OfIHOTO 3 aGOHEHTIB BAACHOT Mepeski), @ BKIlafieHa B HbOMY iHdopmalia az-
pecoBana aBoHEHTY 3 iHLIOT Mepexi, A SKOTO BOHA, BAACHE, | MPU3HANEHA.

MapipyTusarop auanisye IP-aapecy, mo MicTUTBCA Yy CkIai naketa, i ne-
PETBOPIOE NAKET, WO HALILIOB M0 O/IHIH 3 MEpeXx, Ha NaKeT, IO NPU3HAYCHHUH
A iHwoi Mepexi. Y nosi aapecu nakera BiH ctasuts MAC-aapecy onepxysa-
ya i cBoto MAC-azpecy, sk BiAnpaBHUKa nakera. Y BiIMOBIaAb MaKeT aHaorii-
HO Mac TIPOATH Uepe3 NnocepeHIKa — MapLIpyTH3aTop.

Came MapilupyTH3aTOpH HalwacTiule BUKOPUCTOBYIOTBCS JUIsl 3B’ A3KY JIOKa-
NBHUX MEPEX 3 MoGaNbHUMH, 30KpeMa, 3 [HTepHET, fKa MOXe PO3IIIAAATHCS AK
Mepesa, L0 MOBHICTIO MapILpyTH30BaHa.
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4.2.5 o3

I3 (gateway) — peTpaHcisUiiiHa cucTeMa, 1o 3a0e3neuye B3aEMOJII0
indopmauiiinux mepex [5, 7).

Llmo3 no3possde o6’ eIHYBaTH Mepexi, 1o Mo0yAoBaHi Ha ICTOTHO Pi3HUX
nporpaMHMX i amapaTtHux mnatdopmax. Hampuknan, 103 Moxe N03BOJHTH
KOPHUCTYBa4aM, 1O MpauiorTh B Mepexi Unix, B3aeMOAisTH 3 KOPUCTYBauaMH
Mepexxi Windows.

Llnio3u onepytoTe Ha BepXHiX piBHAxX mMozeni OSI (ceancosomy, npexncras-
HHUBKOMY i MPUKIAAHOMY) i € HalGiNbL PO3BMHEHUM METOAOM MifA’€AHaHHA
MEPEXXEBUX CErMEHTIB 1 KOMIT'IOTepHHX Mepex. HeoOximHicTs B Mepexermx
LIUTI03aX BUHKKAE Npyu 06’ €iHAaHHI ABOX CUCTEM, L0 MAIOTh Pi3HY apXiTeKTypy.

Ak o3 3a3Buyail BUKOPUCTOBYETBCA BHIIICHUHA KOMIT'IOTEp, Ha AKOMY
3alyllleHO MporpaMHe 3abe3NeyeHHs LUTI03Y i 3AIMCHIOITHCS MepeTBOPEHHS,
IO [I03BOJIAKOTH B3aEMOIIATH KiIBKOM CHCTEMaM y Mepexi. IHIow ¢yHKuiewo
LUTIO3iB € MepeTBOpeHHs npoTokois. Ilpu oTpuManHi nosinomnenta IPX/SPX
ana xkaienta TCP/IP muto3 nepeTBoproe nosigomiienns Ha npotokon TCP/IP.

Hlmo3u ckaafHi B ycTaHOBIEHHI Ta HaawTysauHi. [1Lio3u npaiooTs 1o-
BiJIbHIIUE, HK MapLipyTH3aTOpH.

KoHTposabHi nuTaHHs

1. Ski niHii 38’ 43Ky BUKOPUCTOBYIOTBCA Y KOMITIOTEPHUX MepeXax i UMM Bo-

HH BIIPI3HAIOTHCS?

Ski Tiny kabeniB BUKOPHCTOBYIOTHCA Y KOMIT'FOTEPHUX Mepexkax?

Yum BiApisHAIOTECA Kabesli eKkpaHOBaHOI Ta HEEKPAHOBAHOI KpyueHo! napu?

Sy cTpyKTYypy Mae kabenp HeekpaHOBaHOI KpyueHol napu?

Sy cTpyKTypy Mae kabenb eKpaHOBaHOT KpyueHol napu?

SIky CTPYKTYpy Ma€ KoakcianbHUi kabenb?

UMM MpPUHLMIIOBO BiIPI3HAIOTHCA NMOHATTA eNeKTPUUHOI i30asUii Ta eneKT-

POMArHITHOT 13075117

8. TlopiBHsiiTe eKcnyaTaLlifiHi MapaMeTpu KoakcianbHOro Kabento Ta kabemo
Kpy4eHol napu.

9. SkuM yuMHOM Ta 3a JONOMOIOK AKUX PO3’€MIB MPHEAHYIOTHCH 0
KOMI'OTEpiB KoaKcianbHi kabeni?

10. SxkuM uMHOM Ta 3a [JOMOMOTOI SKMX PO3'€MIB MPUEAHYIOTBCA [0
KoMm’toTepiB Kabeni kpydeHoi napu?

11. SIky cTpyKTypy Mae OMTOBOJOKOHHUI KaGens?

12. Sk i 3aBAjAKK AKOMY (Pi3HYHOMY eeKTy pO3MOBCIOLKYETHCS CBITAOBUH
NPOMiHb Yy ONTOBOTOKOHHOMY Kabesni?

13. YuMm Biapi3HAIOTHCA OAHOMOAOBI Ta 6araToMOLOBI ONTHYHI BOJOKHA?

14, Jlna axux JiHiH KOMITIOTEPHUX MepeX BUKOPHUCTOBYIOTHCA OXHOMOIOBI
BOJIOKHA?

15, JIna Aaxux niHill KOMI'IOTEPHUX Mepex BUKOPUCTOBYIOTHCA GaraTroMonosi
BOJIOKHA?

Nk w
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16.
17.
18.
19.
20.
21
22.
23.
24.
25.
26.
27.
28.
29.
30.

3L
32.
33.

3arankHa xapakTepyucTHKa Ta Kiacudirallia 6e3rnpoBoAoBHX NiHill 3B 3Ky,
DyHKLUiT NPOTOKOMIB AKOrO PiBHs BUKOHYIOTB fU1ATH MEPEKEBHX ajanTepin?
[lepeniuitb ronosHi dyHKLUIT MEpEKEBUX aanTepis.
Slke npu3HaueHHs NOBTOpIOBaia?
V AKHMX BUIAJIKaX CTaBNATh MepPexeBHil MOBTOptoBay?
1Llo Take MepekeBUI KOHLUEHTpATOP i AKe floro npusHavyeHHs?
Ha sixomy pisni mepexesoi moae:ti OSI BUKOPUCTOBYETLCA KOHLIEHTpATOP?
[Tpu3HaueHHs MOCTa.
Ha skomy pisni Mepexesoi Mozieni OS] BUKOPHCTOBYETbCA MicT?
SIKi cerMeHTH Mepeki MoXe 3'€IHyBaTH MicT?
[pu3HayeHHs KOMYyTaTOpA.
Ha sikomy pisHi MepexeBol mogeni OS] BUKOPUCTOBYETbHCA KOMYTATOP?
SIka BiAMIHHICTb M)XK MOCTOM | KOMyTaTOpOM?
Ilpu3HaueHHs MaplpyTH3aTOpA.
Ha sxomy pigni MmepexeBoi moaeni OS1 BUKOPHCTOBYETLCA MapLIpyTU3a-
Top?
Slka BiAMIHHICTL MK MapLIpYTH3aTOpaMu i MOcTaMu?
o Take o3 i iKe HOro npu3HaueHHs?
Ha sikoMy piBHi MepexeBoi Moneni OS] BUKOPHCTOBY€ETbCA 11037

101



5§ IPOTOKOJIN INIEPEJAYI JAHUX Y INTOBAJIBHUX
KOMITIOTEPHUX MEPEXAX

5.1 MixkmepexeBHii cTek nporokois TCP/IP

5.1.1 3aranbHa XapaKTePHCTHKA cTeka npoTokoJis TCP/IP

IMpotokon IP 6yB pospobnenuii y 1970-ux pokax MUHYNOrO CTOpIYYs mpH
npoekTyBanHi mepexki ARPANET wminictepcta o6oponn CIIA Ta Brockona-
neHuli y BICIMIECATI POKM Ha TOYATKY PO3BHUTKY BCECBITHBOI KOMIM HOTEPHOT
mepexi Internet. Internet i3 camoro nouaTky npoeKkTyBaBCs SK IHTerpoBaHa BH-
COKOHaziliHa TEpUTOPIanbHO po3nojifieHa Mepexa, ska o0’ eHy€e BeIUKY Killb-
KICTb KOMIT'IOTEPIB 3 Pi3HUM anapaTHUM 3abesneueHHsM. | came Takolo Mepe-
JKelo BiH 3a/nMlIaeThes 3apas. Taka Mepeka MOBUHHA MAaTH arnapaTHO He3alex-
HUii cTex npotokonie. TyT mepuioto cepiio3Holo MpobaeMoro € ineHTHdikauis
BY3/1iB Mepexi, AKa IPOBOAUTECA Yepe3 HUCIOBY cUcTeMy ajpec. HoTHpupisHe-
Ba lepapxiuHa ajpecallis 3 MOK/IUBICTIO 3MIHHM YUCIOBHX aApeC Ha KOXKHOMY 3
uMx piBHIB Bin 0 10 255 nae 3Mory opranizyBaTi HaaaHHs a/ipec KOMII'IOTepam
TAKMM YHHOM, L0 KOXEH 3 HUX HaBiTb y MacluTabax cBiTy Oyae MaTH yHiKalb-
Hy iepapxiuHy azapecy. Baano ninibpanuii mexaniam agpecauii, a Takox anapa-
THa Ta CUCTEMHA MPO30PICTb CNPUANY ToMy, o ckoroani TCP/IP craB yHiBep-
CaMbHUM MDKMEpeXeBUM TMNpoTokosoM. ToMmy cucTeMy 4HCNOBUX afpec
Komn’toTepiB HasBanu IP-agpecamu. Peectpauis IP aapec Ta nowyx maplupyTis
y Mepexi 3abe3neuyroTb CEpBICH MEpeKeBOro Ta TPaHCMOPTHOTO piBHIB
TCP/IP. 3po3ymino, Mo B iHIWMX MPOTOKONAX MEPEKEBOTO Ta TPAHCMOPTHOrO
piBHs BUKOPHCTOBYETHCA CBOS CHUCTeMa ajpec. Ane Ui NPOTOKONM He 3HalLIM
TaKOro LWIKMPOKOTO MOLMPEHHA | He 3abe3neuytoTh HeoOXiHOT anapaTHol Ta cH-
cTemHoi nposopocTi. Tak, npoTokon NetBios BukopuctoByeThes Tinbku nig OC
Microsoft Windows, Toai sk npotokon IPX — Tinbku cepBepHOIO omnepatliifHow
cucremoto Novell NetWare. Kpim Toro, cTaHaapTi uux npoTOKOMIB HallekaTb
(bipmam-Bupobrukam. A nporoxoa TCP/IP cTeoprosascs iHwmm yuHoM. ITepini
iioro peanizauii pozpobasnunca nig OC UNIX [8], sxa 6yna i 3anuiaethes ana-
paTHO HesanexHoto cuctemoto. OC UNIX, saxy pozpobnana Ta BAOCKOHaIOBAIA
y AeMOKpaTH4Hil MaHepi rpyrna eHTY3iacTiB aMePHKaHChKHX YHIBEPCUTETIB, He
cTana KoMepuiifHoo cucTeMolo i choroaHi. Jlemoxparusm i Binkpuricts UNIX
nepeitnaB i nporokon TCP/IP, yBi6paBiuu Bci fioro craHaapTd Ta J0KyMeHTa-
uito [1, 3, 10].

Ane HaiiBXNMBIIIUM YMHHUKOM po3BUTKY TCP/IP sk eqMHOro BCeCBiTHBO-
ro CTaHAApPTy MiXKMEPEXKEBOro MPOTOKOJLY CTana MaciuTaboBaHICTh Ta anapaTHa
HE3aNeKHICTb CUCTEMH aIpec MEPEXKEBOTO PiBHA, MPO 10 BXKE MOBOPUIIOCS BU-
we. HuHi €MHUM CTPUMYIOUMM YHHHHKOM PO3BUTKY BCECBITHBOT Mepexi € 4Ho-
TUpHUpIBHEBA i€papXiyHa CUCTEM ajipec, AKa Ja€ 3MOTY iAeHTHU(IKYBaTH TiTbKH
2%= 4 294 967 296 koMN’IOTepHUX BY3iB, ane LA Mpodrema Bike BUpilleHa y
HOBiH Bepcii npotokony IPv6, ne nns aapecauii BUKOPUCTOBYIOTLCS He 32 nBiii-
KOBMX po3psiau, a 128,
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5.1.2 Crexk npotokodis TCP/IP

Crex TCP/IP 6ys po3pobaenuii no nossu mogeni ISO/OSI i xoua Bin € Gara-
TOPIBHEBMM, CMIBBIHOLIEHH PIBHIB MiXK LUMH NPOTOKOAAMH € MEBHOK MIPOKO
ymosHuM (puc. 5.1) [1, 2, 20, 21].

Mpuxnanuuit 7
Mpencrapuuupknit6  HTTP
CeancoBuit S

‘ i | |
“ FTP | telnet] SMTP}‘ DNS TFTPw [ [lpuxnagHuit
§ 7

Tpancnopruuniy - TCP UDP: I Tpancnoptuuii
Mepexeenit 3 [p | ICMP | RIP  OSPF = IIl  Mepemcniii
Kawansunit 2 o H " T Pisehs
: € PErIaMEHTYETheA IV Mepexesix
disnunnii l Ethernet, Token Ring FDDI,X.25, SPIP, PPP inTep(eiicis
Pigni

Pigni cmexy

MooeniOST TCPIP

Pucytok 5.1 — Crek npotokonis TCP/IP

Ipurnaonuii pigensy BiAnoBinac TpbOM BepXHiM piBHAM Mozeni OSI: npux-
NajHOMY, MPEACTABHULBLKOMY i ceaHcoBomy. Bid ineHTudIKye | BCTAHOBIIOE
HasBHiCTh NependadyBaHUX MApPTHePiB ANs 3B A3KY, CHHXPOHI3y€e CMiLHO npa-
LEOIOYi MPUKAA/HI IPOrpamMM, BCTAHOBITIOE JOMOBIEHICTb 3 Mpoleayp no3bas-
JIGHHS TIOMUJIOK 1 Kepye wisicHicTio iHpopmauii.

Bin 06’eaHye Taki NpoTOKOIM Ta CltyOu, sk [21]:

HTTP (Hyper Text Transfer Protocol) — mnporTokon nepenadi rinep-
TEKCTOBMX A0KyMeHTiB. TlpusHaueHHs — rnepeiava BeO-CTOPIHOK (TEKCTOBHX
¢aiinis 3 po3mitkoto HTML), xoua 3a fioro A01I0MOrot0 yCHilHo fepefaoTbes
i inwi aiinu, Ak nos’s3aHi 3 BeG-CTOPiHKAMU, TakK i He MOB’A3aHi 3 HUMH (Y
usomy HTTP konkypye 3 cknaasiinum nporokosnom FTP).

FTP (File Transfer Protocol) — npotokon nepenaui ¢aiinis; 103Bonse niak-
movatucs o cepsepie FTP, nepernsagatd BMICT KaTasnoriB i 3aBaHTaxyBaTH
(paiinu 3 cepsepa abo Ha cepBep, KPiM TOTO, MOXKIMBUIA pexcum nepenadi daiinis
MiX cepBepamu.

Telnet — nporokon emynsuii TepMiHana.

SMTP (Simple Mail Transfer Protocol) — npocTuii npoTokosN nepecunaHH
eNeKTPOHHO! MOWTH 10 MOLITOBOro cepBepa abo 3 KimieHTa-komn’toTepa, abo
MiX MOILTOBUMHU CepBEPaMH.

TFTP (Trivial File Transfer Protocol) — 6inbli npoctuit npoTokon nepenadi
daiinis, Ha BiamiHy Bin FTP He norpebye ayTeHTudikauii kopucTysauya Ha
BiaganeHomy By3ni i BukopucToBye nporokon UDP nns nepenaut indopmauii.
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Tpancnopnmuii pieeny TCP/IP gignosinae 3a BctaHoBNeHHs i ninTpuMky

3’€HaHHs MK 1IBOMa By3naMu. OCHOBHI (PyHKLIT piBHS:
- NIATBEPIKCHHA ofepxkaHHs iHpopmauii;
- KepyBaHHS MOTOKOM JaHUX;
- YTMOPAAKYBAHHA il peTPaHCIALLis NaKeTiB.
3anexHo Bi TUIY CITy’KOM MOXYTh GyTH BUKOpUCTaH Ba npoTokony [20]:
- TCP (Transmission Control Protocol) — npoTokos kepyBaHHs nepeayeto;
- UDP (User Datagram Protocol) — npotokon nefitarpam kopucTysaua.

TCP BukopucToByeThCs, KOMM MOTPIGHO 3aGe3neunTH HajiiHy AOCTABKY
HaHuX, TOOTO HaivacTilwe, Wob nepeaty Benuknii obcar iHgopmalil i nepe-
KOHATHCA, WO JaHi BY4aCHO OTpUMaHI agpecarom. Bid cTBoproe ceaHc 3i BcTaHo-
B/IEHHAM 3’€[IHaHHA, iHaKIlle KaKyuH, BipTyanbHUil KaHan Mix mamuHamu TCP
3a0e3nevye TPAHCMOPTYBAHHS JAHHUX i3 BCTAHOBJEHHAM BIpPTyalbHUX 3’€AHAHb,
B 10l 4ac Ak UDP 3alesnevye nepenauy npuiIagHHX MakeTiB NeHTarpaMHUM
crnocobom.

Honatku i cnyx6u, Mo BiANPaBNAIOTL HEBENNK] OGCATH HaHuX i He MOTpe-
OyroTb OTPUMAHHS MiATBEPAKEHHs, BUKOPUCTOBYIOTh npotokon UDP, umio €
NPOTOKOIOM 6€3 BCTAHOBJIGHHA 3’ € AHAHHA,

TCP 3a0esnevye MOBHHMI cepBic TPAHCMOPTHOrO PiBHA — HadiHHICTB, JOC-
TOBIPHICTb | KOHTPO/bL 3’ €AHAHHA, HYMepye MTaKeTH, NiATBEpKYE 1X NpUitoM, y
BUMAaaKy BTpaTH OPraHisoBye€ MOBTOPHY nepenauy, AOCTAaBISE MAKETU B TOMY
nopsaxy, B AKoMy BOHM Oynu BiAnpaBieHi.

UDP 3abesneuye nepenauy NpUKIagHuX MNakeTiB AeHTarpaMHUM CrioBowm,
BiANpapase nakeTw 6e3 Oymb-sKOro HOAATKOBOTO CEPBiCY, 3a BUHATKOM He-
peBIpKM KOHTPOJILHOT CyMH MIepeAaHnX NaHHX.

Ho mepescesozo pisus B TCP/IP Hanexnts Mixmepexesud npotokon IP,
sakuit € 6asouM y cTpykTypi TCP/IP i 3a8e3nevye nocTaBKy nakera 3a afipecoro
NPHU3HAYeHHS — MapuIpyTH3auilo, (parMeHTalito i 30MpaHHA OTPUMaHHUX na-
KeTiB Ha XOCTi ofepxyeaya [1].

RIP (Routing Information Protocol), OSPF (Open Shortest Path First) —
NPOTOKOIM MAPLIPYTU3allil, IO 3a/iMalOThCA BUBHEHHAM TOMOJIOrIT Mepexi, BU-
3HAUEHHAM MapLIpyTiB, i CKNagaHHAM TabnULbL MapLUPyTH3ALLIT, Ha OCHOBI AKUX
nporokon IP nepemiuiae nakeTn B notpiGHOMY Hanpsamky.

Ubomy piBHio Hanexuts npotokon ICMP  (Internet Control Message
Protocol), 10 dyHkuUili AKOro BXOAATh, B OCHOBHOMY, MOBIAOMIEHHS NPO NOMH-
nky i 30upanHs iHdopmauil npo poGoTy Mepesxki. 3a J0OTOMOrolo crelianbHHX
naketis [CMP noBigoMas€TbCA NPO HEMOXIMBICTL IOCTABKHM NakeTa, Npo Mepe-
BULUEHHs 4acy *UTTA ab0 TPUBANOCTI CKIIANaHHA NakeTa 3 (hparMeHTiB, Npo aHo-
MaJIbHI PO3MipH napamMeTpiB, MPo 3MiHy MapIIpyTy NepecuiiaHHs i Tty 06CTyro-
BYBaHH1, PO CTaH CUCTEMH TOLLO.

Haiinmkunii pisens (pisens 1V) Bianosinae ¢isnyHomy i kaHanbHOMY piB-
Hsim mozaeni OSI. Bin ne permamentyerses. ITiatpumye Bei nonynspui TexHomorii:
ans nokansHux mepex — Ethernet, Token Ring, FDDI, i anst rnoGansuux mepex
— NPOTOKONH 3’€iHaHb «TouKa-Touka» SLIP i PPP, Texnonorit X.25, Frame Relay,
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ATM Towo. B cim’i TCP/IP HeMae NPOTOKOJIIB, IO HajiexxaTk LIOMY PiBHIO, 3a
paxyHOK UbOrO i JOCATAETbCS arapaTHa HesanexHicTe cim’i TCP/IP.

5.1.3 Appecanin Ta mapwpytusauis 8 TCP/IP

Koxen xommn’totep y mepexi TCP/IP mae agpecu tppox pieHis [1, 3, 10,
20].

» JlokanbHa azpeca xocta (By3/1a), 00yMOBJIeHa TeXHOorieto nodynosu me-
peki, A0 cKiaay Kol BXOAWTH AaHuii By30.. Jind By3/iB OKaAbHHX MEPEX — Lie
MAC-anpeca MepexxeBoro aganrtepa ado NopTy MapUIPyTH3aTOpa, HAMpUKIaz,
11-A0-17-3D-BC-01. L1i agpeck mpu3HayarTHCsl BUPOOHUKAMU oOnaHaHHA i €
yHikanshumMu, MAC-aapeca mae gopmar 6 Gaiitie: crapiui 3 Haltu € ineHTH(i-
kaTopoM (ipMu-BUpoGHUKa, @ MosoALli 3 GaliTa € yHIKaJbHUM HOMEPOM, KM
NPU3HAYAETLCA BUPOOHUKOM. [Ins By3niB rioGanbHUX Mepex, TakuxX ik X.25
abo frame relay, jlokajibHa agpeca NpU3HAYAEThCA aAMIHICTPATOPOM rnobanbHOT
Mepexi.

s [P-anpeca — mpu3HauaeTbCs aaMiHICTPATOPOM MiA 4ac KOHpIrypyBaHHs
KOMI'10TepiB 1 MapiupyTuzaTopiB. IP-aapeca ckinalaeTbess 3 ABOX HACTHH: HO-
Mepa Mepexi i HOMepa XocTa. 3BMualiHO fpoBaiiaepy nocayr IutepHeT oaep-
XKyIOTh [ialiazoHu aapec, a MoTiM PO3MOAIIAIOTE X MiX CBOIMH aDOHEHTaMH.

Posnoain IP-agpec Ha rnofie HoMepa Mepexi | HoMepa By3Jla AOCHTb FHY'-
KHil, | MeXa MK UMMHM NOJISIMH MOXE BCTAHOBMIOBATHCS A0BiNbHO. By3on moxe
BXOANTHM 10 Kinbkox IP-mepex. Y ubOMy BMMAAKy By30/ [I0BUHEH Math [e-
kinbka [P-agpec, 3a uncnom mepexeBux 3B a3kiB. Tobto IP-anpeca xapakrepu-
3y€ He okpeMuii koMM 1oTep abo MapLpyTH3aToOpP, a OHE MEPEXeBe 3 €AHAHHS.

» CumBonsHuit inenTudikatop — imM’s. Lg agpeca npuzHavaeTbess aaAMiHiCT-
paToOpOM i CKNaJaeThes 3 AEKITbKOX YAaCTHH, HaNpUKIal, iIMeHi MalMHM, iMeHi
opraizauii, iMeni nomeny. Taka agpeca, WO HA3UBAETLCA TaKoX DNS-iM sam,
BUKOPHCTOBYETBCS Ha MPHUKIIaAHOMY PiBHI, Hanpuknai, y npotoxonax FTP abo
telnet.

IP-aopeca — yHikanbHa Mepexesa ajpeca By3Na B KOMIT IOTEpHIH Mepexi,
nobynoeaniii 3a nporokoniom IP. [IP-aapeca cknagaeTbcs 3 ABOX HACTMH: HOMEpa
Mepexi Ta Homepa xocta. IP-aapeca mae nopxMHy 4 GaliTu i 3a3BMuail 3anucy-
€TBCA Y BUIJIAAI YOTUPBOX UMCeN, 1O € 3HaUYeHHAMH KOXHOTO 6aifTa B 1eCATKO-
Biit QopMmi, poznineHnmu kpankamu (2], Hanpuknaz:

128.10.2.30 — TpagMuiiiHa aecsTkoBa Gopma NoOAAHHA aapecH.

Mosxe Oytu 306paxeHa i y ABidkoBii ¢opmi: 10000000 00001010
00000010 00011110 — gBifikoBa dopma noaaHH Liei K afpecH.

Ichye 5 xnacis [P-aapec [1, 6, 9]. Lli knacu Bigpi3HAIOTLCA OJIMH Bill OAHOTO
KinbkicTio 6iTiB, 110 BiABeAeHI Ha aapecy Mepexi i ajpecu XocTiB B Mepexi. biT
abo mocnifoBHicTh GiTiB HA MOYATKY KOXHOI aapecH 3aaatoTh il kiac (puc. 5.2).

Appeca knacy A npusHateHa ans Ayxe BeIWKWX Mepex. B Hiit BukopucTo-
BYETbCA TiJIbKW Nepilluil OKTeT sk ideHTH(ikaTop Mepexi. Tpy okTeTH, Lo 3a-
JNUIIUINCD, ineHTHdiKYOTb anpecy Bysiie. [lepiunit 6iT B aapeci kinacy A 3as-
»KIW HYNbOBHit. BpaxoBylou Ue, HaliMeHIa qomyctiuma aapeca 6yae 00000000
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(necatkosuit 0), a Haibinewa — 01111111 (necaTkose uucno 127). Bapro Bia-
3Ha4MTH, 110 obuasa HoMepu O Ta 127 € 3apesepBOBaHMMH | HE MOXYTb OYTH
BMUKOPUCTAHI K MepexkeBi anpecu. Byab-aKi aapecu, 10 NOYMHAIOTHEA 3 YUCTIA
B lianasoni Big | no 126 B nepluomy okTeTi € aapecamu knacy A. Mepex knacy
A He(araro, aie KibKIiCTb By3liB y HUX Moxe mocaratn 22 -2 = 16 777 214
BY3A11B (1B HOMEPH iIEHTH(IKYIOTE HOMEPH MepeXi Ta LIMPOKOMOBHY aipecy).

Mepexa 3 Homepom 127.0.0.0 He moxe OyTv NpUCBOEHA MepeKi, OCKiNbKH
3ape3epBOBaHa A/ 3BOPOTHOro neTaboporo (loopback) TectyBanHs (Mapiupy-
TH3aTOpH a0 NOKaNbHI By31H MOXYTH BUKOPUCTOBYBATH HOro Ui Nepeiasan-
Hs nakeTiB camum cobi) [2].

4§aﬁ’m
//’" }1 kz .,
Homep
Knac A mepexi Homep Byana
2 ) 2
KnacB 1 | 0 t Homep Mepexi Homep By3na
.h3 ),_1 .

KnacC | 1 110 t Homep mepexi Homep

; ! By3ina

KnacD | 1 I 11 } 0 Apnpeca rpynu daratoaapecHol l
i PO3CHMNKK

KnacE | 1 l 1 1 ; 1 [ 0 | 3apesepBoBaHO i

Pucynok 5.2 — Ctpykrtypa IP-anpec pisuux knacis

Anpeca knacy B BUKOPHCTOBY€ETbCA AJI MEPEXK CEPEHBOTO Ta BEJIMKOTO po-
amipis. B IP-agpeci knacy B jBa nepiinx oKTE€TH BUKOPHCTOBYIOTHCS AN Me-
pexkeBol aapecu, a ABa ApYyruxX ABIAIOTL cODOI0 aapecy By3ia.

[lepwi asa GiTH meplioro okTeTa 3aBx iAW HabyBatoTh 3HaueHHs «1» i «0»,
wicTh OiTiB, IO 3aNHIIMIMCh, MOXYTh MICTUTH OyIb-iKi KoMOGiHaUil HYJNiB Ta
oauHKLE. TakuM YWHOM, HalMeHLUe YUCNo, AKe Moxke GyTH BHKOpUCTaHe s
azapec 1bOro kiacy, mopisHioe 10000000 (necatkoe — 128), i Haiibinbiue —
10111111 (mecatkoBe — 191). Bynb-AKi aapecy, 10 MIiCTATb B MepLIOMY OKTeTi
uucna Bia 128 po 191, € agpecamu knacy B. Mepexa knacy B moxe mictutu
makcumyMm 2'° — 2 = 65 534 Byanie.

Anpecu knacy C — 1ie aapecH, o HaluacTille BUKOPUCTOBYOTHCS; MPU3Ha-
YeHi N4 BUKOPUCTAHHSA B MaliMX Mepexax. AJpeca AaHoro Kiacy nmoYuHaeThes
3 ABiikoBoi komOinauii 110. Omxe, HalimMeHwe goctynhe 4uciao — 11000000
(necatiose — 192), a Haiibinbwe — 1101111 (necatkose — 223). Slkwo aapeca B
NnepuoMy OKTeTi MiCTUTH uucna Bix 192 mo 223, 3Ha4uThL BOHA HaNEXHUTh 10
knacy C. Makcumanbha KiflbkicTb By3nis y Mepesxi — 2° — 2 = 254.
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Anpecu knacy D 6ynu cTeopeHi ans peanisauii B [P-anpecax mexanizmy Ga-
raToafpecHoro poscuniaHHs. baratoagpecHoro abo rpyloBoK  anpecorn
(multicast address) HasnBaeTbCs yHIKaibHA MEpEKeBa aApPeca, 110 BUKOPUCTO-
BYEThCA [UIA BiANIPABEHHs MaKeTiB MEBHUM IPyaM MEpPeXeBUX MpUCTpoiB. Ta-
KHM YMHOM, OIHA MEPEKeBa CTaHIlis MOXe MepelaBaTH OfMH NOTIK AaHKUX AeKi-
JLKOM OTpUMYBAHaM.

Jianazon agpec kiacy D, ski HasupatoTb Oaratoaapechumu IP-agpecamu,
TAKOXK NEBHUM unHOM obmexenuit. [Tepuii yotupu G6iTn Takol aapecu € 1110,
TOMY MepLUMii OKTET afpec LbOTo Kilacy Moxe HabyBaTH 3HaveHb Bin 11100000
g0 11101111 abo B aecsaTkoBomy 3anuci Bia 224 mo 239.

Anpecu knacy E Takox Gynu onucaHi B cTaHIapTax Ta BUAINEHI B OKpEMHH
610k, Oauak BOHM OysiM 3ape3epBoBaHi MPOOJEMHOIO FPYMOK MPOEKTYBAHHS
Internet (Internet Engineering Task Force — IETF) ana snacuux pocnianuubKux
noTpe6 i He BUKOPUCTOBYBanHCh B Mepexi Internet. Ilepwi uotupu 6iTn anpec
knacy E 3aBxau opuHMuHi. 3HaYeHHs TIepLIOro OKTeTa 3HAXOAUTECA B Alianaso-
Hi Bix 11110000 go 11110111 abo Bin 240 no 247 — B 1ecATKOBOMY BUIJIALI.

BianoBiaHo 10 HaBEAEHO! CTPYKTYPH MOXHA BU3HAUMTH XapaKTEPUCTHKH
KO’KHOTO K/acy y TepMiHax KiNbKOCTI Mepesx i KijlbKOCTi XOCTiB B KOXHii me-
pexi (tabmuus 5.1) [1, 3, 6].

Tabnuus 5.1 — OcHoBHI xapakTepHcTHKH Knacis [P-agpec
Kinac Aianason Moxususa | Moxnusa xinb- | Hadimenuwa e
3HaYeHb L . Haidinsina anpeca

Me- KIBKICTD KicThb ajpeca .

exi | MEPHiOro Mepex XOCTiB Mepesi Mepera
p balita ’

24
1-126 2'=128 2= 1.0.0.0 126.0.0.0
A =16777214 T T
0 — He BuKOpUCTOBYETLCA, 127 — 3apes3epBoBaHoO

B | 128-191 | 2"=16384 | 2'°-2=65534 128.0.0.0 191.255.0.0

C | 192228 [27=2097152] 2%-2=254 192.0.1.0. 223.255.255.0

D | 224-239 - 238 224.0.0.0 239.255.255.255

E 240-247 - 227 240.0.0.0 247.255.255.255

Ocobnugi IP-aopecu

Hesiki agpecy € 0cOGIMBUMH | HE MOXYTb HaJleKaTH MEPEXKEBUM NPUCTPO-
am. Jlo HuX BigHOcATbes Taki [2, 20].

+ [P-azpecu, WO CKAANAOTECA NUlIe 3 ABIHKOBHMX HYJiB; MO3HAYaAIOTH aape-
Cy TOro By3ia, KOTpuii 3reHepyBaB Liei makeT. Lleil pexuM BUKOPHCTOBYETHCA
nue B Aeskux nosigomneHHsx ICMP.

s 1P-ampecu, B noni HoMepa Mepexi AKMX po3TalloBaHi ABilikoBi Hyni. 3a
3aMOBYYBAHHAM BBAXKAETHCs, O BY30J [IPU3HAYEHHSA HANEXHUTh A0 Tiel camol
Mepexi, 1o ¥ By30, AKH#l BiAnpaBUB NakKer.

* IP-apecy, y SKuX B N0JIi HOMEpa By3Na NMPU3HAUYEHHs CTOATL JHULLIE HyI.
Taki aapecu no3HauatoTb HoMepu Mepexx. Hanpuknaa, 198.150.11.0.
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* [P-agpecu, B AKMX Yy 1o HOMepa By3/la NPU3HAYEHHS CTOATH AULIe OIU-
nuui. IlakeT, akMi Mae Taky afpecy, pO3CHIAETbC BCIM By3nam Mepexi i3 3a-
AaHUM Homepom mepexxi. Harmpuknan, naker 3 aapecoto 198.150.11.255 gocra-
BAETLCA BCIM By3nam mepexki 198.150.11.0. Take poscunaHHi Ha3MBAEThCA
LIMPOKOMOBHHUM noBigoMieHHAM (broadcast).

Takum uMHOM, peanbHa KiNBKICTh aapec, SKUX MOXHA MPH3HAYUTH NpH-
CTPOAM MEpPEsKi, Ha ABi MEHILA, OCKIIEKY He MOKHA TIPUCBOITH NPUCTPOLO aape-
Cy Mepeski ab0 LIMPOKOMOBHOIO PO3CUIIAHHS.

* IP-anpecu, nepwmit okrteT Akux gopieHtoe 127. Appeca 127.0.0.1
(loopback) BHKOPHCTOBYETECS [T TECTYBAHHA NPOTPaM Ta B3aeMOi NpoLecis
B Mexax oAHiei mammHu. JlaHi, BiAMpaBneH! 3a Wi€l0 afpecolo, YTBOPIOKTH
«reTo». JlaHi He MepesaloTeCA 10 Mepexi, @ MOBepTatoThCA 10 MOLYJIIB BEpX-
HBLOTO PiBHA AK TaKi, IO TiNbKU-HO NPUAHATI.

* IP-agpecu ans rpynoBoro poscuianHs naketis (multicast) (knac D). Ha-
npuKnan, uod oOMiHIOBATHCA TOBIAOMICHHAMH, MapUIpyTH3aTOPH, AKi BUKO-
PHCTOBYIOTH Y CBOI poboTi npoTokon MapupyTtusauii OSPF, poscunaiots no-
BIIOMIIEHHS 3a aapecoto 224.0.0.5. Bynp-ske mosimomneHHs, BianpaeneHe 3a
ui€to aapecoro, Oyae oTpUMaHe MapLUPYTU3ATOPAMK JaHOT TPy M.

lepapxiuni yotupupiBHeBi [P-aapecu, siki BUKOPUCTOBYIOTbCA ANA ifEHTH-
$ikalii KoMn'OTepiB y Mepeski, ABAAIOTh cOB0I €ANHY XapaKTEPUCTHKY CTeKa
npotokonis TCP/IP, sika BM3Ha4deHa gocuTh uiTko. Unciora IP-anpeca e abeo-
MOTHUM iaenTU]IKaTOpoM K KOMN'toTepa, Tak i TiEl Mepexi, A0 sKOi BiH Ha-
nexuTb. Tomy koxen [P-makeT, nepeaanunii mepexero yepes cTek MPOTOKOJIB
TCP/IP, y cBoeMy 3aronopky Mictuth IP-agpecu cucremu BianpasHuka i cuc-
TEMH OJepiKyBauva.

IP-ajpecy BH3HAYAIOTh HE CTIIbKK CaMi KOMIT'IOTEpH, CKIJIbKH X MepexeBi
inTepdeiicu. CucreMn 3 ABOMA IUIaTaMM MEpeXeBMX ajanTepiB abo 3 OAHMM
MEPEIKEBUM  ananTepoM |1 MOAEMHMM 3'€lHaHHAM, MatoThb IBi IP-agpecm.
Komm’rotep i3 nBoma abo kinmbkoMa MepexeBHMH iHTepdelicamn HazuBaloTh
2pynosum (multihomed). Sxmo iHTepdelicn HanexaTtb A0 pi3HUX Mepexk, TO
npy BIANOBIAHIH Kon]irypauii KoM’ toTep JaHOFO THIY MOXeE MepelaBaTH iH-
(opmauiiini nakeTn mMix Mepexamu, TO6TO (yHKLIOHYBAaTH K Mapuipymusa-
mop. Cranaaptn TCP/IP po3rnaaatoTh MaplupyTH3aTOpH Gyab-iKOrO TUIY K
o3y (gateway). Jlna HopManbsHOTo (yHKUIOHYBaHHSA KOMIT'IOTEpa y Mepesxi
Npy HaNaAWTYBaHHI BracTuBocTelt npoTtokony TCP/IP 0GoB’sa3koBo TpeGa BKa-
3yBaTH LUMO3, 32 AKUM OydyTh repenapaTucs naket. Ilpu HanawTtyBaHHi au-
HaMi4yHOi MapLIpyTH3allii, KA BUKOPUCTOBYETHCS Y BIAMOBOCTIHKUX Mepexax,
BKa3ylOTh 1Ba MOX/IMBUX UITIO3M, IPUUOMY OJWH 000OB’I3KOBO BH3HAYAIOTh K
roNoBHHUil, a IHWHWH — K aNbTepHATHBHHIA.

Koxna IP-agpeca mictuTh 6iTH, siki BKa3yloTh agpecy mepexi, Ta 6ity, ski
KOHKPETU3YIOTb  iHTepeic  KOHKPETHOro, BCTAHOBNGHOrO B Mepexi
KOMI'toTepa. 3BepTarouuchk /10 KOMN'IOTepiB Beiel Mepexi, Tpeba 3amati juile
6itn inentudikauii Mepesxi, 3aMiHAOYH BiTH afpeck KOHKPETHOTO KOMIT' 10Tepa
HyNAMM. BiTH, Ki BU3HAYAIOTh MEPEXY, CAYryIOTh JUIS TOWIYKY CEpBEpaMH Ma-
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pUIpYTiB Ta Anf nepemaui MakeTiB BiJ OJHOrO MapLIPYTH3aTopa [0 iHWIOTO,
OB SI3aHOrO 3 Mepexero npusHauenus. [1oTim cepsep wiei Mepexi nepenac iH-
(hopMaLlito KOHKPETHOMY BY3Jy.

Alle po3risHyTa CHCTEMa iepapXivHMX aapec He JOCKOHana, OCKilbKW Ha
HIDKHBOMY PiBHi, /Ie CTBOPIOIOTBCS JIOKAbHI MEpexi, MOXHa a[pecyBaTH Tilb-
KM 256 By37iB, a gesxi cTanaapTh npotokoiy Ethernet aaroth 3mory 36iUbwHTH
KinbKicTb By3J1iB y Mepexi a0 1024. PozpoGuuku npotokony TCP/IP o6iiimnu
e o6MeskeHHa TakuM dnHoM. Y 32-pospsaanux ABiikosux IP-ampecax 3aBxau
BULNAETHCS BIAMOBIAHA KiNbKICT 6ITiB As ineHTH(iKALUT Mepexi Ta KilbKicTh
GiTie AnA ineHTUGikauii By3na, OQHAK MPH UBOMY KilbKiCTh OiTiB Afd BH3Ha-
YeHHd BY3Na Ta [U1 BU3HAUEHHA MEPEeX MOXe 3MinioBaThcs. ¥ Garatbox anpe-
cax 3arajbHOr0 NPU3HAYEHHA BUKOPUCTOBYIOThCA 24 cTapiinx Oitu Ajii anpecu
Mepexi i 8 Mosoawmx GiTiB 41 anpecu By3na, ane npotokon TCP/IP nozsonse
TPOBECTH MEXY MiXK BIAMOBIIHUMM GiTaMu y Byab-aKoMy MicLi ABIHKOBOT TPH-
AUATHIBOGITOBOT agpec. ToMy Ans BU3HAYeHHs IPU3HaueHHsS KOxHOro Gita
anpecu By3znam TCP/IP, kpim IP-anpecu, npucBoioloTe Macky niamepexi. Mac-
Ka niomepeoici (subnet mask) — ue 32-6iToBe 3HaYeHHs, ke BUKOPHUCTOBYETHCA
AT BHIMeHHs (MackyBaHHa) 3 [P-afpecy ii 9acTuH: ifienTudixatopis Mepexi i
By3na. OTox, koxHoMy GiTy IP-agpecy nosuiifiHo BiAnOBiAae CBilf 6IT Macky
niamepesxi. SAxwo OiT Macku miaMepexi MOPIBHIOE 1, TO L€ O3HAua€, WO
MoB’A3aHMit 3 HAM OiT [P-azpecu € yacTHHOW ifeHTH(hIKaTopa Mepexi, Toal AK
6iT 3i 3HaueHHsM 0 BKasye, WO BianosigHni omy 6it IP-anpecu BusHauae ine-
HTH®iKaTop By3na (tabn. 5.2) [7]. o6 yHUKHYTH TIYyTaHNHK, Macka TiaMepe-
K 3aMHCYETHCA 13 3aCTOCYBaHHAM HOTHPHpiBHEBOT iepapxii, sk 1 aapecu BY3J1iB.

Tabmuua 5.2 — Macku ninmepex kiacis A, B, C

BiTH, 110 BUKOPUCTOBYIOTHCS AN MACKH
niaMepexi

A [11111111[00000000 [00000000 00000000 {255.0.0.0

B [11111111 (11111111 [00000000 |00000000 {255.255.0.0

C |11ttt firiiirer{eiitting |00000000 |255.255.255.0

Knac Macka

Sk npukaaz, MokHa posragHyTH cucremy TCP/IP 3 Takoto koHdirypauieto:

IP address: 198.132.2.45
Subnet Mask: 255.255.255.0

V npasomy Bunaaky uactvHa IP-ampecn, sxa ineHTHdikye Mepexy, -
198.132.2.0, Toni AK 45 HanexuTh A0 ineHTU(ikaTOpa By3na. Y AECATKOBOMY
3aMnuci 1ie HeOUeBUAHO, ane MOAWBUMOCH Ha JBIMKOBI eKBiBajgeHTH, AKi MalOTh
Takui BUTIAL!

IP address: 11000110 10000100 00000010 00101101
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Subnet Mask: 11111111 11111111 11111111 00000000

Ak MOXHa noGaunTu 3 HaBeNEHOro NpUKnagy, Mexa Mbk GiTamu agpecu
Mepexi H GiTamu agpecu By3/a IpPOJArac Mixk TPeTiM i UeTBEPTUM HUCIAMH.
Ane Take MONOXKEHHA MeXi aJpec Mepexi i By3na He 3aBxkau 0608’ a3kose. Ha-
NpuKnal, Macka niamepesxki 255.255.240.0 pesepsye 12 Gitis ans agpecu By3na,
OCKINbKH 1T NBIHKOBHH €KBIBANIEHT Ma€ BUMIAL;

TTTTTITT 11 TT] 11110000 00000000

Pozain mixk anpecamu mepexi Ta By3na Moxe npoasaratu y 6yib- sKOMy Mi-
cui cepep 32 GiTiB Macku miamMepexi. Alle HIKOM He MPUMYCKAETbCA 3MiIy-
BaHHA OiTiB 117 NO3HAYeHHs pi3HMX 4acTWH aapecu. YiTka mexa y macui nig-
Mepexi 3amxau noainge IP-aapecy na 6iti agpecu Mepesi, O CTOATH J1iBOpYH,
i 6iTn azpecu By3na npasopyu.

5.1.4 [Toptu Ta cokern y TCP/IP

IP-anpeca nae MOXIMBICTE BU3HAYMTH MapLUPYTH MEPEKEBUX MOTOKIB 10
CHCTEeMH, sika Mae OTPUMATH MakeTd. Ane Miciis TOTo, SIK NaKeTH AOXOAATH 10
MicUs MPU3HAYEHHA, NiCs NepecyBaHHs HAropy 10 CTEKY NPOTOKOAiB, 1X MOT-
piOHO aBTOMATHYHO HANPaBUTH [0 BIAMOBIAHOI mporpamu abo ciysxGu onepa-
uitHoT cucTemu. Lle pobuTLCA 32 1ONOMOrOI0 NPOTOKOIIB TPAHCIIOPTHOTO PiB-
H3, To6to TCP abo UDP. Ans inentudixauii npouecy, skuil noBuHeH o6poSuTH
noBiAOMAIeHHA, npotokoad TCP ta UDP BHKOPHCTOBYHOTH HOMEPH NOPTIB
(port), ki BKFOYEHI 0 3arososka koxHoro makera TCP a6o UDP [10, 18].
Homep nopTy Bu3Ha1ae npoToKO NPHKIALAHOTO PiBHA, kUil chopMyBaB ingo-
pmaLiro, Wo MicTHTLCA y naketi. He Tpe6a nuyrtatu nopru TCP/IP 3 anapaTHu-
MU MOPTaMK KOMIT'IOTEPIB, MiXK HUMH HEMAae HIi40ro CHijIbHOTO.

Hanpuknan, IP-3aronosok 3anuty DNS mictuts IP-anpecy DNS-cepsepa B
nosi afipecy NpU3HaYeHHs. SIK TiNbKM NakeT HaAXOAMTH O CHCTEMH MpM3Ha-
Y€HHs, BOHA 3BepTaE yBary Ha Homep 53, 3a3HaveHuii y 3aronosky UDP-nakera
y nofi «ITopT npusHauenns». TTicns LbOro CHCTEMa BXke 3Ha€, WO MepenaBaTy
naxet TpeGa ceppepy, IKOMY Bianosigae nopt 53, To61o cnyx6i DNS. 1106 3a-
noGirTy nuyTaHuHi npy o6poSLi nepefaHnX NaKeTiB, HOMEPH MOPTIB, NpPU3HA-
UCHI KOHKPETHUM CepBepaM, BU3HauawoThes cranaapramun TCP/IP i sMiHioBaH-
HIO He mimnsraoTs. To6To, o6 CIpOCTUTH 3aBAaHHA KOMITIOTEPY, 3aMicTh
iMeH mporpam abo ciy6 BUKOPMCTOBYIOTB HOMEpPH MOPTIB, OCKiNbKM uMCia
Homy 06po6asTy npocTile, Hix iMeHa. Lle Taka cama npoueaypa, AKy MU BUKO-
PHCTOBYEMO TPY BU3HAUYEHHI YHMCIOBUX TA JOMEHHMX IMEH.

Kom6inauis Homepa nopTy Ta IP-anpecn Binoma 3a HasBowo cokem (socket,
posnimanns). ®@opmar agpec TCP/IP npunyckae 3BepTaHHs 10 MEPEXEBUX BY3-
niB yepes cokeT, BkasasM 1P-aapecu i HOMepH NMOPTIB, PO3/IieH] ABOKPAIKOLO,
Hanpuknan, 192.168.2.45:80.
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5.2 MixmepesxeBi 1POTOKOJIM PHKJIAHOro piBHA Ta cepicy Internet

5.2.1 CepBepn www Ta iX NpH3HAYEHHSA

Ile B cepeanHi NeB’AHOCTHX POKIB MHUHYJIOTO CTOPIHYs TEPMIH «CEPBEP» Y
KOMIT'IOTEPHUX MEPEXEBUX TEXHOMOTIAX BUKOPHCTORYBABCA TiNIbKH Y 3HAUEHHI
HagiitHoro pecypcy ans 30epexeHHs (ainis KOPUCTYBaUiB i 3aCTOCOBYBABCH
11y NOCHIAHHI Ha KOMI'IOTEpP 3 MEPEXkKEBOIO OMEPALIMHOI0 CHCTEMOLO, HalpU-
xiax, OC UNIX ab6o Novell NetWare, ki naBanu 3Mory KopucTyBauam 3ailc-
HIOBaTH jocTyn Ao (alaiB Ta NpUHTEpPIB CMiNbHOrO BUKOpHUCTaHHA. OaHaxk
UIBMAKHI PO3BUTOK Mepexi Internet, M1osiBa HOBUX OIEepaLLiiHUX CHCTEM ICTOTHO
3MIHMAW OCHOBHE 3HAYEHHs LBOrO MOHATTA. HUHI AN TMNOBOro KOpUCTyBaua
mepexi Internet cepBepy — e CUCTEMH 3 HEBIAOMOIO HOMY (aliioBOO CTPYKTY-
poto, e posmiuleHi Internet-cTopiHky www (Bia abpesiaTypn aHriiicekoro
cnopocnosyueHHs World Wide Web — BcecBiTHA NaByTHHa), a TAKOX CUCTEMU
BimnaneHoro moctyny no ¢aitnis FTP ta cepepy enekTponHoi nowtn [22].
CbOrodni Npo cepBepd WWW 3HaIOTh He nuiue Baxibui, a # AOMaLIHI KOPUCTY-
Baui KOMII'I0TepiB, fAKi niakaoueHi no Internet. A ans KOPUCTYBaUuiB NOKANBHUX
Mepex cepBepM Mepexi, SK i paHillle, BMKOHYIOTb CBOi 3BMHaiHi Qykuii,
MOB’A3aHi 3i CHOiALHUM BUKOPHUCTaHHAM (aisliB | NPUHTEPIB, a TaKoX 3abesne-
4yI0Th Pl GYHKUIM, AKI MarOTh BiHOIIEHHA /10 BiAMOBIAHMX MPUKIAAHUX I1PO-
rpam, Hanpukian, goctyn g0 6a3 panux. [Ipy LbOMY OAMH KOMIIOTEp MOXe
BUKOHYBaTH QYHKUIi i cepBepa nokallbHOT Mepexi, i ceppepa Internet. Takum
YUHOM, CHLOTOJHI CepBep — CKOpillle NporpamHe, HiX amapaTHe CepeloBHLue, i
OIMH KOMII'HOTEp MOXe OIHOYACHO BUKOHYBATH POJli BENMKOI KibKOCTI cepae-
piB 3aJI€XKHO Bifl BCTAHOBJIEHOTO MPOrPAMHOI0 3a0€3MeUeHH .

Cepsepu Internet HagalOTh KIHEHTaM TpaaMUiiHi mocnyru riobanbHOI Me-
pexi, ane BaXJIMBO Te, 1O KOPUCTYBATUCA MOCayramMH cTopinok www, FTP ao
€JEeKTPOHHOI TOWITH MOXYTb KOPHCTYBadi JOKANbHUX MEPEeX, AKi He Miakito-
4eHi Ao Internet.

BeecBiTHA naByTvHA Ay)Xe WBHMAKO CTAE MOLWMPEHMM 3acobom peanizallil
AiNOBUX oMepaLliii, AOCTYNy A0 KOPHUCHOI iH(opMaLlil, HaBITh CYXKWTb 1S Bill-
royuHky. CKnafaeTbes BpaKeHHs, IO MPAKTHUHO KOXHA KOMMaHia B Hawwi aHi
Ma€ BJacHWii cepeep www abo cTopiHky Internet Ha cepBepi WwWw 3arajibHOro
noctyny. TakuMu cepBepaMu KepylOTb MOCTauanbHUKKM nociyr Internet, skux
Ha3uBaloTh npoaiinepamu. [lig CTBOPEHHA cepBepa WWW Ta HaJaHHs JOCTyMy
JO HBOFO 3 NOKanbHOI Mepexi abo 3 Mepexi Internet HeoOXiHO BCTAHOBUTH Ta-
Ki iporpamu Ta MepexeBi KOMIIOHEHTH.

+CepBep 3 NIATPUMKOIO HEOOXiAHMX NPOTOKOINIB Ta CIYX0 10CTymy.

*Ha nokanbHuX KoMIT'1oTepax HeoOxinHo BcTaHoBUTM Opaysepu (browser,
BiJ croBa browse — NPOAUBAATHCS), AKi € KIIEHTCHKMMHU TIporpaMamMu, 1o 3a-
Ge3ne4ytoTh GOpMYBaHHS 3aMUTIB 10 PECYpPCIB WWW cepBepiB.

*Tlportokon nepeaaui rineprekcrosux ¢aiinis HTTP (Bin abpesiaTypy aHr-
niiicekoro cnosocrionyuenns Hyper Text Transfer Protocol). Came uei npoTto-
KOJI rapaHTye JocTyn ao indopmadlii, ska 30epiractbes Ha cepepax www. Ti-
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nepmercmom 'y Teopii iHpopMaLlil HA3UBAETBCA TEKCT i3 NEPEeXPECHUMH TTOCH-
JIaHHAMHU MDX Horo posainamu.

Binbiicts opranisauiii i npuBaTHUX ociG A Po3MilLEHHA BAACHUX CTOpi-
HOK WWW BHKOPHUCTOBYIOTh MOCTayaNbHUKIB nocnyr Internet, ane gesxi 3 Hux
MaloTh BracHi cepsepu. barato mpopaiiniepie nporoHyoTh 6e3KOWTOBHE Po3-
MillieHHs caliTa KJIi€HTa pa3oM 3 iHIIMMM NOCIYraMy i3 3a6e3neueHHs 10CTyny
no rnobanbHoi mepexi. Opranizauii, aki MatoTh Ginbl cknanxi caiity, 3BepTa-
I0TbCA A0 NOCTa4YaNbHUKIB nocayr Internet, siki MOXyTh 3abezneunTtn Gifblu
WIMPOKHii CIIEKTP cepBiciB. Asie iCHye Kinbka NMPUYHH, 3 AKUX Y KepPIBHUKIB Op-
raHizauii MOke BUHMKHYTH OakaHHs CTBOPUTH ONMH 4M Kilbka cBoix Web-
CepBepIB, PO3MillleHUX Yy KOPMOPaTHBHIN Mepexi.

Ilepwa 3 umx obcraBun — AMHAMIKa PO3BUTKY cepBepiB www. SIKiuo cTopi-
HKH WWW CTBODIOIOTBCS BIACHHMH CHIIaMH, TO HIlllO He 3aMiHWTb IX TeCTyBaH-
Ha | Ha/arolbkeHHs Ha ceppepi. Hespaxcatoun Ha Te, 10 rineprekcToBi daitam
MOXKHa BIAKPMBATH Ta NMpPOTIANATH 3 JOKANLHOrO AMCKa, MepeBipUTH BinCyT-
HICTb MOMMUIIOK NPH MOCKIIAHHAX MK CTOPIHKAMH MOXHA TiIbKH 33 AOTIOMOTOIO
cepeepa www [23].

[Hiwa npuuMHa AnA BCTaHOBAEHHA BinacHoro Web-cepeepa — MOXIHUBICTB
opraHizauii inmpanem (Intranet — BHyTpilHsa Mepesxa). TepMin «iHTpaHeT» BH-
3Havae Mepexy, aka 6asyeTeca Ha npotokoni TCP/IP, ane poctyn o skoi mae
TiNLKK NEBHA rpyna KOpUCTyBadiB BianmosiaHol oprauizauii. [1ig mepexero in-
TPAHET 3aBXAM MAIOTh HAa YBa3i CepBepU WWW, sKi (GyKLIOHYIOTb y MpuUBaTHIi
Mepexi. InTpaHeT ABd€e COGOMO 3PYHHMI {HCTPYMEHT, 3a JAONOMOTOI SKOTO
MOHa myOikyBaTH iH(OPMALIIO UIA KOPUCTYBAUiB Mepexi y pisHUX dopmax.
CraHaapTHi CTOPIHKM WWW 371aTHI BigoGpaXxaTH NOKYMEHTH B AyXe 3py4Hiii
L1 uMTaHHA (OpMi, ane cepBep WWW MOXKHA TAKOXK BHKOPHUCTOBYBATH AfA
crBopeHns GiGnioTek daiinis, ski 36epiratoTbcs y mepexi. Taka dopma goctyny
1o indopmauii uyepe3 BUKOPUCTAHHA TilePTEKCTOBHX MOCHNAHb MOXE MIiCTHTH
TaKOK MOXKJIMBOCTI Nepernany 6a3 JaHHX i 3aBk/W Ly)XKe 3pyqHa A1 KOPHUCTY-
BauiB. Ane iHTPaHET i3 CepBepOM WWW — Lie TaKOXK CEPEIOBHMIIE 3 PO3oiie-
HMM IOCTYNOM A0 iHdopMmauii Ans pi3sHUX KOPUCTYBauiB Ta cnelialbHUMH 3a-
cobamu 3axucrty indopmalii, ToMy HeGesneka BUMANKOBOrO BHAANEHHS abo
NOWKOMKEHHs BaxnuBux (afinis TyT maiixke BifcyTHa. Kpim Toro, 3BepTanns
no cepsepis www notpebye nuille BCTaHOBAeHHA OpaysepiB Ta BiAMoBiaHHMX
NPOTOKOJIIB HA K/TIEHTCHKUX KOMI'IoTepax. BUKOPUCTaHHs CKIAAHNX Cy4acHUX
MepeXEeBUX TeXHOIOriH notpebye 6inbll npodeciiiHoro niaxomy a0 agMiHicT-
PYBaHHs K CepBepiB, TaK i PoOOYUX CTaHLi.

Toni Binpasy BUHMKAE 3aANUTAHHA PO Te, UM BapTO, MAKOUM y CBOTH Mepexi
cepBep WWW, OpraHizoByBaTH BJacHY CTOpPiHKy B Internet? 3uuaiino, 3po6uty
TaKy CTOPiHKY HEeBaXKO, aNe icHye Killbka “HHHUKIB, AKI CIif BpaxyBaTh nepen
NPUAHATTAM nolibHoro pileHHs. CTBOpPeHHS cepBepa Www — Lie BaX/NBa, ajle
HEe €IMHa YaCTHHA TOro, 1O HeoOXiAHO BpaxoBYBaTH (ipmam, MianpueMcTeam
Ta OpraHisalism Npu NpaBuibHIilA opranizauii cBoix iH(popmauiiHuX pecypcis B
Internet. Kpim pecypcis camoro cepsepa, repLIoueproBe 3HaueHHs Mae Nporyc-
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KHa 30ATHICTb KaHany, skuii Oyne zabezneuyBatd AocTyn Ao Internet-cepsepa.
BaXInBolo € TakKoX MOXJUBICTb iHPPACTPYKTYpuU Mepexi NiaTpuMyBaTH Ha-
AifHICTL gocTyny /10 Internet-pecypcis y pasi nporpaMHHX 4u anapaTHux 3001B.
Hapewiri Bkpaii BaxnuBa Oe3neka Mepexi, ika BiAKpUTa 10 JocTyny B Internet.
SIKIIO 3HAUYLLICTH MEPUIMX ABOX Ha3BaHWX MpobiieM 3anexHo Bia cdepu GizHe-
cy Moke OyTH 3BejleHa 10 MiHIMYMY, TO Ha O€3lieKy Mepexi 3aBxau BapTo 3Be-
pTaTU oy)Ke CepHO3HY yBary.

Ilna yenimHoro QyHKUIOHYBaHHA cepBepa Www Mepeska 30008 13aHa MaTu
MOXAMBICTL 06po6aaTH iHpOpMaLiiiHi MOTOKH, sKi CTBOPIOKOTECS NPH MOCTiMH-
HOMY JIOCTYIi BialaneHHX KOPUCTYBaUiB, i Te, IO cepBep Mae OyTH AOCTYTTHHM.
Hanpuknan, AKUo KOPUCTYBadi Mepexi NiAnPUEMCTBA 3aCTOCOBYIOTh A/ BU-
xoay B Internet Tol camuil KaHan 3B’A3Ky, LLO i cepBep WWW NpH HalaHHi noc-
AYr 30BHILIHIM KOPUCTYBayaM, TO B MePioAM MIKOBOI aKTMBHOCTI BUKOPUCTAHHs
KOpUCTYBauaMu JIOKalbHOT Mepexi pecypci Internet mponmyckHa 3aTHICTh Ka-
Hajay, NOCTYHHOO BiAJaneHMM KOpUCTyBauaM cepBepa Www, Oyae 3HauHO
smenwyBaruci. llle Oinblie MiABUILYETHCA HABAHTAXKEHHA Ha CEPBEP WWW,
AKIIO BiH 06C/yroBY€e TakoX JioKanbHi MepexkeBi pecypcu. Bapro nepekoHaTucs
B TOMY, W10 MpPOTNYCKHA 30aTHICTh KaHaly 3aBXau Oyae NOCTaTHBOK AJiA OJHO-
YacHOT NIATPUMKHM He Tiflbky NoTpe® BHYTPILUHIX KOPUCTYBadiB Mepexi, a i 30-
BHilUHIX iH(opMauiiinux notokis Internet-cepsepa. Lle 3mebinbmoro 6ysae
CKNaJHO uepe3 CTaTUCTHUHMI XapakTep LOCTYMY A0 pecypcis Internet Binnane-
HUX KopucTyBadiB. [TocTayansHUkW nocnyr Internet, 3BU4aiiHO, MalOTh BENIMKY
NPOTIYCKHY 3[aTHICTh CBOIX KaHaniB, i TOMY HaJaloTh MakCHMalbHi pecypcH
A 3’ €AHanHa 3 rnobanbHOK Mepesxeto. KpiM Toro, BOHU BUKOPUCTOBYIOTH pi-
3HOMaHITHi 3acobu ayGmoBaHHs iH(opmauil Ta anapaTHO! HAAMMIUIKOBOCTI Ha
BUMAAOK BUXOAY 3 Jafy rojoBHuX iHdOpMauiiHUX pecypciB. 3po3yMmino, TakuX
3aXOJliB KEpIBHHUTBO OpraHizalii MpHU CTBOPEHHI cepBepa WWW 3 JIOCTYINOM 110
Internet MoXe BXKUTH CBOTMYU CUIIaMH, alle MaiiTe Ha yBasi, 1O HaAMIipHI iH(op-
MaUifiHi cucTeMu ayxe gopori. ToMy, cTBOpIOOUYN Www-cepBep CBOIMM cHia-
MH, TpeGa BpaxoBYBaTH, LUO HILLO HACTiNbKM HE APATye MOTEHLWIHHOrO CrOXM~
Ba4a BALIOi NPOAYKLIT, SK cepBep KOMMNaHii, IO Xy)ke MOBIIBHO Tpaloe abo
Baaraii HepocTynHuil. Lle cTBOploe BpakeHHs, IO KEPiBHULTBO KOMIMaHiT abo
HeJOOLIHIOE BaXJIMBOCTI ¢BOIX Internet-pecypcis, abo #iomy B3araini Bce Haiiay-
xe.

Besrneka Mepexi TakoX € BOXKIUBUM, & MOXKJIMBO, Ha BAXX/IUBILIMM MOMEH-
ToMm. Komm’roTep, noctynuuit 3 mepexi Internet, Oyzne wno3om Ui MoTeHuUii-
HOTO HECaHKLiOHOBAHOIO AOCTYNY Y BHYTPILIHIO Mepexy. binbwicTb loKasib-
HUX KOMIT'10TEpiB BUKOPUCTOBYIOTb He3apeecTpopaHi 1P-agpect, wo poOuTs ix
HEBUAMMMMM AN KOPUCTYBauiB Mepexxi Internet, ane aapeca cepeepa wWww
00O0B’A3KOBO MOBUHHA OYTH 3apeecTpoBaHO0, 00 3a6e3meuuTH MOXIIMBICTD
3’€AHAHHA 3 HWM BiffaneHuX kopuctyBayiB. Tomy GinbiuicTe agMiHiCTpaTOpiB
Mepex, ki MalTb BAACHI CEpPBEpPH WWW, PO3MILLYIOTh X B OKpeMill Mepexi,
1301bOBaHIN Bill He3apeecTpoBaHMX PODOUMX CTaHLM, i BUKOPHCTOBYIOTh Clle-
LianbHi MporpamHi 3acobu A/ YHUKHEHHS OOCTYNy A0 JIOKaNbHHX pecypcis
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330BHI. B ocTanHi poky 1A npo6nema cTana e 6ibil aKTyanbHO Yepes nosaBy
BENMKOT KiNIbKOCTI MepexeBHX BIPYCiB, K PO3NOBCIOLKYIOTLCS tepes cepBicy
Internet.

5.2.2 Cucremu 10MeHHHX iMeH Ta cepBepn DNS

byne-skuit mepexeruit kKOMn’loTep B Mepexi 0fHO3HauHO ineHTHdikye IP-
anpeca. OnHaK Ans KOPUCTyBauiB 3acToCyBaHHs IP-ampec npu 3pepTaHHi [0
XOCTIB He 3py4HO. 3pyuHO NMPALIOBATH 3 CUMBONLHUMH aB0 JOMEHHHMH iMeHa-
MH KOMIT'KOTepiB.

Mix nomensum im’sm Ta IP-aapecoro Bysna Hemae Hifkoi dyHKILiOHANBHOT
3a1eKHOCTI, TOMY €IMHMIt Crocif BCTaHOBEHHA BianosimHocTi — Tabmuui. B
mepexax TCP/IP BukopucToByeThes crieujanbHa cucTeMa 1OMeHHUX iMen DNS,
AKa BCTAHOB/IOE LU0 BIAMOBIAHICTb HAa OCHOBI CTBOpEHMX aaMiHicTpaTopamu
Mepesxk Tabmmub BianosinHocti. To6To ocHoBHOW 3anaveto DNS € nepetsopen-
HA iMeH koMn'ioTepis Ha [P-aapecn i HaBnakwu.

DNS (Domain Name System) — ue posnofineHa 6asa AaHUX, 10 MiATPUMYE
iepapXiuHy cucTeMy iMeH s izeHTHdikauii By3iis B mepexi Inteprer. Ciyx6a
DNS npusHatiena ans aBromatuHoro nowyky IP-aapec 3a BiloMMM CHMBOJb-
HUM imeHeM Bysna. Crieunikauis DNS BusHauaetses crannapramu RFC 1034
1035 [20, 21, 23].

Bsarani DNS cxoxa Ha TenedoHHy KHUTY, IIpH ii BUKOPUCTaHHI KoMIT'IoTep
3BEPTAETBCA A0 CepBepa iMeH, WO nepeTsoptoe iM’a Ha IP-aapecy. Le cxoxe Ha
Te, KO/IM 33 IMEHEM JIIO/IMHH 3HAXOAATh HOoMep ii Tened)oHy B TenedoHHii KHu3i.

lcTopuuna nosinka. Ha pannbomy etani po3suTky IHTepHeTy Ha KokHOMY
XOCTI BPY4HY CTBOpIOBAaBCA TeKCTOBHIl haiin 3 Bimomum im’sm hosts.txt. Leit
(hailn cknamascs 3 NeAkoi KiNbKOCTI PAAKIB, KOXKeH 3 SKHX MICTHB OJHY Mapy
«pomenHe im’s — IP-anpeca », Hanpuknan: rhino.acme.com — 102.54.94.97,

I3 3pocTannsam InTepHety daiinn hosts.txt Takox 36inbwysanucs B o6essi, a
CTBOPEHHs MaciTaboBaHOro PillIeHHs Ui PO3B’ A3aHHS IMEH CTano HeoOXiaHic-
Tio. Takum pilueHHsM cTana uenTpanizosana ciyx6a DNS. Cnyx6a DNS Bu-
KOPHCTOBYe TEKCTOBI (haiinu Maibxe Takoro popmary, six i paiin hosts, i ui pati-
JIn aAMIHICTPATOp TakoXk rotye Bpyuny. OnHak ciayx6a DNS cnupaeTbes Ha ie-
papxito 1omeHiB, i koxeH cepsep ciyxGu DNS 36epirac Tinbku yacTiHy imen
Mepexi, a He BCi iMeHa, SK Lie BinOyBaeTbes NpK BUKOpHCTaHHi daiinis hosts.

B po6oTi DNS € Tpu 0CHOBHI KOMMOHEHTH:

— xiieHTH DNS;

— CEPBEpH iMeH;

— NPOCTIp IMEH OMEHY.

DNS-knient Hagcunae sanuti cepsepy imen. Toil aGo noseprac notpibHy
inpopmauito, abo Bkasye Ha iHIUMIH cepBep iMeH, a0 BHIAE MOBiIOMIEHHS npo
BinMoBy. CepBepy iMEH 3rpyrioBaHi fo pisHUX PiBHAX — ZOMeHax.

Ipocmip imen DNS
[poctip iMen nomeHy € iepapXiuHo BMOPAAKOBAHOK CTPYKTYpOIO iMeH
(puc. 5.3).
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Kopenesuit joment
HoMeH nepuioro piBHs Rl UA

HomeH apyroro pisks icmm/ \ COM \\Vinnica
meta \
. . ac sun 0432 votu
Minnomenn i lablo  1ab9 / N\
MALITHH} pstu psu
central

asu vtaw bsd
PucyHok 5.3 — JloMeHHa CTpyKTypa iMeH

HepeBo iMeH nounHaeTbes 3 KopeHs. KopeHeBHii 1oMeH KepyeTbCs LeHTpa-
apHuMK opraHamu IHTepHeTy IANA i InterNIC. JoMeHH BEpXHBOTO PiBHA MpH-
3HAYAKOTLCA 1A KOXKHOIT KpaiHM, a TakoXk AJs TWUMIB opraHizauid. IMeHa umx
JOMEHIB MOBUHHI BianosixaTH Ml)KHapO[lHOMy cranpapty ISO 3166. Jnsa nos-
Ha4eHHA KpalH BUKOPUCTOBYIOTBCS TPK- I ABOJITEpHI abpeBiaTypu. HampHKIa1
ua (YkpaiHa), uk (Benuka Bpuranis), pl ([Tonswa), us (Cnonyueni Lllratn
AMepHky) (Tabn. 5.3), a Ans pi3HUX TUIIIB OpraHi3aliil — HaNpUKIaj, Taki no3-
HaueHHs:
com — koMepUiiHi opraHizauil (Hanpukian, microsoft.com);
~ edu — ocBiTHi oprauizauii (Hanpuknaa, vntu.edu);

— gov — ypaAoBi opraHizauil (Hanpuknan, rada.gov);
— org — HeKoMepUiitHi opranizauii (Hanpuknag, wikipedia.org);
net — MepexeBi opraxizattii (Hanpukian, speedtest.net).

Tabnuys 5.3 — JloMeHH BEPXHbOTO piBHA

Kon Kpaina Koa Kpaina Koa| Kpaina
AU | Agcrparnis FR | ®panuis MX | Mekcuka
CA | Kanaza JP | AnoHin HU | YropuuHa
DK | lanis SE | Lllseuis UA | Vkpaina
DE | Himeuuuna HK | "'oHKOHT RU | Pocis

F1 | Dinnanais CH | llIse#iuapis

Hpunyun pooonmu DNS. DNS-knieHT Haacusae 3anut nokanbHomy DNS-
cepsepy. Toii abo nosepTae noTpibHy iH(opmallito, abo 3BepTacTbCa A0 KOpeHe-
Boro DNS-cepsepy i3 3anutom (puc. 5.4).

€ Taki Tunu 3anuTis [1, 10].

1. Pexypcuenuii — notpeGye NOBHUH noluyk, npu ubomy DNS-cepeep He
MOJKe NepeHanpaBUTH KaieHTa Ao inworo DNS-cepsepa.

2. Hepexypcugnuii abo itepaTHBHUIL 3aMUT — BIANOBIAL MOXKE MICTHTH 10~
3BoJieHe iM’s abo rmocunaHHA Ha iHwHi DNS-cepsep.
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- SAIUT Jlokanbhuit 3amuT, [~ KopeHesui
BiZINOBI b cepBep‘ BIANOBIL cepeep
Y
3anuT BIANOBIAL
i
30BHIIHIN
DNS
cepBep

Pucynok 5.4 — 3anutyn B cuctemi DNS

Cepsepu iMeH HIXHIX PiBHIB 3a3BHYali € PeKYPCHBHMMH, a CepBepH BHILIX
piBHIB (BEPXHBOTO i YaCTKOBO JPYrOro) — HepeKypCUBHUMM.

[Ipunyctumo, mu xouemo BixBiaaTu caift xadeapu pagioTexuiku JIbBiBch-
KO TOJITeXHIKM (anpeca MAalUMHKU rt.lp.edu.ua) 3 MauUIlHHU
userS.proect.vinnica.ua. MalHa user5 npocuTh 3’ACYBaTH BiANOBIAb Ha L€ My~
TaHHA CBilf NokaneHWi cepBep iMeH proect.vinnica.ua.

Pekypcusni Hepexypcusni
1- 2-
users ji‘ vn. proect vinnicaua[il ua
8-A 3-R
START 1-A 4-Q
Y
l edu.ua l
6-A 5-Q
Y
I Ip.edu.ua |

Prcynok 5.5 — TIpouec o6poGku 3anuty B DNS, ne Q — 3anur, A —
BIANOBIAb, R — nocunauns

JlokaneHuii cepsep iMeH BiANOBiAl Ha 3anWT He 3Hac. Binb Toro, BiH He
3Ha€ HiYOro Hi npo Ip.edu.ua, Hi npo edu.ua. Bin 3Hae peski cepsepu foMeHy ua
i, Oymy4n peKypcHUBHMM, 3alUTY€ Ua Npo Mauuny rt.Ip.edu.ua.

HoMeHOM ua KepyloTh HepeKypCHBHI cepBepH iMeH, TOMY 3aMiCTb MOBIAOM-
JIEHHA 3aMMTAHOI aJpecH JIOKANLHOMY cepBepy KaxyTb: «Iliau-Ho 3anmTail y
nomeny edu.ua; ocb ajipeca cepsepay. JIokanbHHI CepBep HaJACHIAE 3aMUT PO
MallMHy rt cepsepy AomeHy edu.ua.

Cepsep edu.ua He 3Hac BiANOBIiAi, ane, Gyxyun peKypCHMBHHM, HanpaBiie
ueit 3anuT cepsepy nomeHy Ip.edu.ua. Lleii cepBep aBTOpHTeTHUIl 1WOAO 3ariM-
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TyBaHoi iHdopmauii Ta nopeprae agpecy MmawuHu rt. CepBep nomeHy edu.ua
Kellye Lo aapecy i noBepTac ii ceppepy proect.vinnica.ua.

3. Tlpu 3¢0pomuomy 3anuTi KiEHT HamaraeTbes AisHaTuca y DNS-cepsepa
iM’sl By3J1a, o Bianosiaae Bigomii 1P-agpeci. Bzarani, y npoctopi iMeH DNS ne
BCTaHOBJIEHA BIANOBIAHICTh 1P-afipec iMeHaMm, | IWLUe MOBHUE Mieperas BCix Ao-
MEHIB [I030/IMTh OTPHMATH NMpaBUNbHY BiAMoBiab. Jid 3anobiraHHA TOTallbHOTO
neperiay BCiX ZOMEHIB Npu 0OCayroByBaHHI 3BOPOTHOrO 3aMuTy OYB CTBOPEHMH
cneujanbHUil 1oMeH, in-addr.arpa. ImeHa By3Jie LbOro JOMeHy 306iraroTbes i3 3a-
nucoM IP-agpecn y BUMAAI HOTHPBOX ECATKOBUX HHCE, 110 PO3AiaeHi Kpanka-
mu. [Ipu upomy nopsgok uucen B IP-agpeci 3MIHFOETBCS Ha MPOTHAEKHHMI, OCKi-
nbky nipu 3amuci [P-anpecu crapiua yactuHa € nieoto, a npu 3anuci DNS-imeHi —
paBoto.

Hanpuknaz, wo6 BusHauuTy iM’s By3na 3 1P-anpecoro 11.22.33.44, knieHT
3BepTaeTbea Jo DNS-cepBepa i3 3anutom BkasiBHoro sanucy ans 44.33.22.11.in-
addr.arpa. 3Haifinenuii 3anuc MmicTMTL iM’A By3na | BianoBinHy IP-agpecy
157.55.200.51. Lis indopmaLis NOBEPTAETLCS KIIEHTY.

5.2.3 IIporokon HTTP

OOMiH JaHUMH MiX cepBepaMH WWW Ta 1X KJTieHTaMM 3abe3rnevyeThes npo-
tTokonoM npuknaaxoro pieHs HTTP. HTTP — ue BiiHOCHO MpocTUit MpoOTOKO,
KU BUKOPUCTOBYE Ha TpaHCMOPTHOMY piBHI nportoxon TCP nns nocraBku
(paiiniB Big cepBepiB A0 KIIEHTIB, KOAW KJIEHT BCTAHOBNIOE 3’€AHAHHA 13 cepBe-
poOM WWWw, BKasylouu IOMEHHY ajpecy By3na abo Kjiauatoud MULIeNo Ha rinep-
nocunandi y Opayzepi. CucTema reHepye MOBiOMIIEHHA-3MUT FAPOTOKOMY
HTTP i nepenae fioro ceprepy. lleii nporec BinOyBaeThCsA Ha MPUKIAAHOMY Pi-
BHI, ajie Nepil HiX BiH CTaHE MOMIJIMBUM, CJ1iJi HANMAMOAUTH B3AEMOI0 Ha OiflbLu
HM3bKHX piBHAX [21].

Skwo KopucTyBay y rineprocuianHi He BU3Hauae 1P-azpecy cepsepa www,
TO MepIlYM KPOKOM y BCTAHOBJIEHHI 3’ €/THAHHS MK ABOMa cucteMaMy Oyie Bu-
3HayeHHs uiei [P-appecu uepe3 BinnparnenHs 3anuty Ha cepsep DNS. Aapeca
JacTb 3Mory npotokoity 1P nmepenatu 3anut no ceppepa uyepes aHUIOT MapLUpy-
TH3aTopiB. SIK TiNbKW KNiEHTCHKIM cucTeMi cTae Binoma IP-aapeca cepsepa, Bo-
Ha BCTaHOBMIOE 3’€HaHH: 3a npotokonom TCP 3 moptom ceprepa 80, BuKopHc-
TOBYIOUM NPH LbOMY CTAHAAPTHUI MpOLleC BCTAHOBIEHHS 3B’ 43Ky, KU BU3HAa-
YaeTbCA JaHUM HPOTOKOJIOM.

IMicas uboro, KONM BCTAHOBNEHe 3’€AHaHHA 3a npoTtokoioM TCP, 6paysep i
cepBep MOXyTb OOMIHIOBATHUCS TMOBiNOMIeHHAMH 3a ripoTokonoM HTTP. Iogi-
nomneHHs HTTP OygaioTe nuiue ABOX TUMIB: 3amWTH i Bianosiai. Ha BiaMiny
Bifl MOBifOMJIeHb OiNbUIOCTI IHWHX NPOTOKOIB, nosigomsenus HTTP maioTh
BHMITIAJ TEKCTOBUX PALKIB, @ HE THIMOBHX 3ar0JIOBKIB 3 OKPEMMMHM NOJAMH KOAY.

Kosxne nosinomnenus HTTP micTuth kinbka enementis [22]:

+TTouatkoruii psgoxk HTTP, wo mae komanay 3anury abo iHAMKaTop CTaTy-
CY BIIMOBIAi, 2 TakoXk Habip BIAMOBIAHUX 3MIHHUX Ta MOCU/IAHHS Ha HUX.
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*3arofIoBKK 3 BIANOBIAHOIO KiNBKICTIO NoniB 3 iHdopMaLieto npo cUCTeMy,
sKa BiAnpaeuia nopigzomseHHs. 3aronosku y HTTP-nosizomnenusx MOXYTb
GyTun BiACYTHI.

* Tekcr nosigomnenna. MicTuts kopucHy iHpopmauiio, ska nepenaeTbcs
iHWii chctemi. TekCT NOBIZOMJEHHA BiACYTHIl y 3anWTax Ta BiAMoBinAX Ha
MOMMUIIKOBI 3alUTH 3 HEMPABUIBHO BKA3aHUMH aJ[PECaMH.

5.2.4 porokon FTP

[Tporokonom nepenayi daiinis FTP HasusaeTbcs onuH i3 MpoTokoiB NpHK-
nannoro pisHa creka TCP/IP, axuii 1ae sMory aBTopusosaHoMy a6o HeaBTOpH-
30BaHOMY KITIEHTY BCTaHOBJIIOBATH 3’€[IHAHHS i3 CEPBEPOM i MPOBOANTH nepe-
Aa4dy daiinis Mixk cepeepoM Ta KOMN'toTepoM KiienTa. Ane FTP CYTTE€BO Biapi-
3HAETLCA Bill CMIIBHONO BUKOPUCTAHHA IH(OPMaUiHHKX pecypciB AHCKiB iHLIMX
Komm’iotepis mepexi. Joctyn 1o FTP o6MexyeTbes TiNbKn HEBEAMKHM HaGo-
POM OCHOBHMX KOMAH 3 KepyBaHHs (haiilaM, a OCHOBHA (YHKLIA NPOTOKOY
roniArae y KonitoBanHi (aiiflip Ha NOKaNbHMIA KOMI'IOTEp, a He B O/lepKaHHi
6yab-KOro A0CTyMy A0 cepBepHUX Komiii daiinis.

Busnauennii cranpaprom IETF nporokon FTP npoTsrom GaraTbox pOKiB
3aHLIABCSA TOJIOBHHUM iHCTPYMEHTOM BilnaneHoi poGoTy 3 (aiinamu B onepa-
uifiiit cucremi UNIX. Maiixke Ha Beix UNIX-cepsepax 3aBAHTAXYETHCA CIYXK-
Ga cepeepa FTP. Ha poGounx craHuisx Windows BCTaHOBMIOIOTbCA nporpamu-
KNieHTH Ans poGotu 3 npotokonom FTP, | uncnenni KOPHCTYBa4i BUKOPUCTO-
BYIOTb LieH MpOTOKON Npu nepefadi Qaiinis y pamkax JoKanbHUX Ta FI06ab-
Hux mepesk. Iporokon FTP Takox € ocHOBHUM iHcTpymenToM Mepexi Internet,
e ICHYKOTb THCAUi (aliioBUX cepBepiB 3aralbHOTO A0CTYNY, 3BiAKHM KOPHCTY-
Baui MOXyTk nepenucysaty Qaiinu. Uepes Gpaysepy WWw KOPHCTYBadi Takox
MalOTh MOXIUBICTE OfepsKyBaTH noctyn 1o FTP-cepeepis [2, 18].

S i HTTP, npotokon FTP sukopuctosye TCP/IP nas HanaHusa TPaHCAOpT-
HUX MOCAyr, | po6OTa 3 UWM NMPOTOKONOM MPOBOAMTLCA UYepe3 BUKOPHCTAHHS
TEKCTOBMX KOMaHA. YCi opurinanbui peanizauii FTP a1a OC UNIX npaurotoTs
4epes KoMaHAHI paaku, Ak i FTP-knient, BHecenuii ao cknagy Windows 2000,
Ane xopucTyBaui Windows UMMH KOMaHIaMH KOPHCTYIOTHCA PILKO, OCKIBKH
HUHI ICHY€ BeauKa KiNbKicTb rpadiuHuX i TekcToux inTepdeiicis FTP-knienTip,
AIKI 10NOMAratoThb aBTOMATH3yBAaTH BBEAEHHS | Mepefady BiANOBIAHMX TeKCTO-
BMX KOMaHZ Bin KjieHTa 10 cepsepa. Choroasi B cuctemi Windows 6inbiiicts
000NOHOK, NPH3HAYEHUX ANl poGoTH 3 daiinamu, NIATPUMYIOTh 3’€IHAaHHA 3a
FTP.

HaiironogHiwoto o3naxoto nporokosny FTP, wo Binpisuse ioro i 6inbimo-
CTi IHIIMX APOTOKOMIB NMPEeCTABHULBLKOrO piBHA, € Te, o FTP mia uac cBoix
ornepauii BUKOPUCTOBYe HOMepH ABoX nopTiB. Konu FTP-knient 3’€IHy€eThCA i3
CEpBEPOM U1 BCTAHOBJICHHS KEPIBHOTO 3’€JIHAHHA Ta T€PECHNIaHHA KOMaHA BiH
BUKOpHCTOBYE NOPT 21. Lle 3’€qHaNHS 3aNUIIAETECS BIIKPUTHM TIPOTATOM yciel
cecii i BUKOPUCTOBYETLCA KIHEHTOM Ta CepBepOM s 06MiHy KomMaHzamu. Ane
AKILO KIIEHT 31iHCHIOE 3anuUT Ha nepenauy (aiiy, cepsep BCTAHOBIMIOE iHile
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3’etHaHHs yepes nopt 20 i 3acTocoBye Horo And Nepenadi caitny. Lle 3’enananns
3HMKaE 0pa3y Nicis 3aBeplieHHs nepexadi Qainy.

[Mpotokon FTP ponyckae aga pexxMMy TpaHCNopTyBaHus ainis — TekcTo-
BHii Ta [BifikoBUil. Yepes TeKcTOBHIT peXKUM MOXKHA MepeaBaTd NULUE aHTIii-
ChbKi TEKCTH, afle WBHAKICTH Mepefaui AaHWX MpH HOro BUKOPUCTAaHHI BHUILA.
Apxisu, nporpamu Ta iHwi ¢aiinu, aki MicTaTh Bech Habip cumsonie ASCIL, ne-
06XiaHO nepefaBaTi y ABIHKOBOMY PeXUMI.

5.2.5 I1poTOoKO0./1HN e/IeKTPOHHOI MOIUTH

Jins npuiiHATTA | BIANpPABIEHHA NOBIJAOMIEHb €1EKTPOHHOT MOWITH KOpHC-
TyBauaM HeoOXiZAHO MaTH ajpecH eNeKTPOHHOI MOLWTH i ZOCTYN 10 CepBepiB, Ha
AKHX Ui agpecu 3apeecTpoBaHi. EnexTponna nowra Internet 6a3yeTscs Ha npo-
Tokoi SMTP, skuii nepeHOCUTb NOBIJOMIEHHA MiXK CepBepaMH 1 BU3HAyae€ A0-
Ope BimoMHii yciM opMaT eleKTPOHHOI apecH:

iM’s1_KopuCTyBaua(@aOMeHHe_im’a_cepaepa.

TpoBaiigepy HagatOTh MOCTYTH €1EKTPOHHOT MOWTH 3 BUKOPUCTAHHAM [BOX
THUIIB TOIITOBUX MPOTOKOMIB, a 4acto i ABOX Internet-cepsepi. [IpoTokon
SMTP BUKOpPHCTOBYETHCS Ads BiJNpaBieHHs BHXIOHOI MOWITH, a MPOTOKOIH
POP3 abo IMAP (aGpeBiarypa aHriiiicekoro crnopocnonyyeHHs Internet
Message Access Protocol — mpotokon goctyny o norimomnens Internet) ans
npuitManHs BXigHoi mowtk [22]. CepBepu 11 npuitMaHHA Ta BiAlpaBlieHH:
eNIEKTPOHHOI MOIUTH MOXYThb 3HAXOAMTHCA Ha OAHoMy abo Ha pI3HUX
KOMI'10Tepax, BOHU 3aBiK/AW MaloThb 3apeecTposani IP-axpeci.

Po3zninesHs NowTOBUX CepBepiB HA cepBepy U1 BiANpaBIeHHs Ta cepBepu
JUTA TIpUHMaHHs MOLUTOBHX MOBIJOMIIEHb 3AIHCHIOETBCA 32 TAKUM MPHHLIMIIOM.
Cepeep, AKHI NMpHUiiMae MOBIIOMIIEHHS, MOKE 3HaXOAUTUCA B OyAb-iKiil TouLll
CBITY, @ CepBepOM, SIKWil BiANpaBis€ MOBIIOMIIEHHS, MOBUHEH OyTH moluTOBHMIA
cepsep, AKUil 0OCNYrOBY€E JIOKaNbHY Mepexy, 10 AKOI MiAKMOUeHUH KIIEHTCh-
KUl KOMIT'IOTEp, 3 AKOTO BiANpaB/seThes nosinoMiaeHHs. Take po3aineHHs ¢y-
HKUIA 3Ha4HO CIIPOILLy€e aJ{MiHICTpyBaHHA MOWTOBHUX cepBepiB. Piu y Tomy, wmo 3
6yab-aKol TOUKH CBiTY MOXe OYTH BiANpaBieHUH eNeKTPOHHMI JINCT 3 AKUMMUCH
3arpo3zaMH, i 3aKOHHUM NpPaBOM OflepxkyBaua Takoro nucta 6yae NpoxaHHs Npo
TIOKapaHHs 3JI0BMHCHHKA. AJle SKILO BM 3HaXoauTech B YKpaiHi, a Ball 3aMOB-
HMK BiZNPaBUB L€l JIUCT 3 MOIITOBOTO cepBepa AMepHKH abo ABcTpaiii, To all-
MiHiCTpaTOpy iX MowWTOBOro ceppepa OyAe BaXKKO BM3HAYMTH, XTO came HOro
Hagicnas. 3HayHO MnpocTille e 3podUTH aaMiHiCTpaTopy Mepexi, A0 Kol MmiaK-
TOUYEHHIT KoMI'1oTep, 3 skoro Oyno BianpaeaeHo nucta. ToMy, xoua cepsep, 3
AKOro BY 3a0MpacTe eNeKTPOHHY MOLUTY, MOXE 3HAXOAUTHCA B OyIb-AKOMY Ky-
TOUKY CBiTY, MpPH BIANPABIEHH| OWTOBOIO TNOBIAOMJAEHHA 3 KJIIEHTCHKUX
KOMIT'IOTEpIB 3aBXAM (iKCYeTbCs ajpeca MOWTOBOro cepeepa, A0 AKOro el
KOMIT'IOTep niakmoyeHnii. Takuil niaxin Ttakox copouye GopoTbdy 3
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KOMI'FOTEPHHUMH BipycamK, AKi 4acTo MOLIMPIOIOTHCS uepes eNeKTPOHHY Mo-
wry.

Y GinbwocTi BUNAAKiB NpM MiAKMIOUEHHI AOMALIHIX KOpHUCTYBa4iB 10
Internet nposaiinepyn HapaoTh IM npuHalimui OZIHY aZipecCy €NeKTPOHHOT NOILTH.
Hesxi nposaiinepu 3a cumponiuny NIaty i HaBiTh GE3KOLITOBHO MPONOHYIOTH
KiJIbKa a7peC eeKTPOHHOT MOWTH 3 ONHNM OBAIKOBHM 3arHCOM. Ilpu 3a6e3ne-
YEHH] JOCTYMY A0 NOLUTOBHX cepBepiBs, Ha BiAMiHy Bix ceprepie DNS, koskHoro
KTIEHTa €NeKTPOHHOI MOIITH 3aBXKAM AOBOJMTHLCS NpONUCYBaTH BPYUHY, He3a-
NIeKHO BilL TOTO, CKiNbKM KOPUCTYBAUiB SNIeKTPOHHOIT MOWITH NPaLFOE 3a Bi/IO-
BilIHUM KOMITFOTEPOM. AJe, 3 TOUKH 30py KoHineHuiHHOCTI iHpopMaLii, Ao
MOIITOO 38 OAHNUM KOMIT'IOTEPOM KOPHCTYEThCA KiNlbka 0cif, €JIEKTPOHHY ajpe-
CY Kpallle HalaTH KOXKHOMY 3 HMX.

AKwo nowrtoBuit cepsep posTawioBannii B Internet, To mposaiinep 3o0-
GoB’a3aHul a60 3a6e3NEUUTH KOKHOrO KOpHCTYBaua aiapecoro eNeKTPOHHOI
MOLWITH | 06.1iKOBUM 3aIIHCOM UTA A0CTYMY 110 POP3-cepeepa un IMAP-cepaepa,
abo Hagatu aamiHicTpaTopy noKanbHO! Mepexi crelianbHuii 10CTYyn, sAKHit
1acTb HOMY MOXJIMBICTb 3’ €AHYBATHCA 3 MOINTOBHUM CEPBEPOM | CamoCTiliHO
CTBOPIOBATH TaKi 06/iKOBI 3anucy.

IcHye nBi pisHi Moaeni po6oTH 3 MOLITO: KOHLENLIs NOWTOROT CKPHHBKH i
NowToBOro Tepminany [20].

POP3. ¥V konuenuii nowrosoi ckpuHbku nowra na cepsepi 30epiraeThea
THMYacoBO, B 06OMeXeHOMY 06¢a3i (aHANOrIYHO MOILTORI CKPHMHbBMLI ANlA nane-
POBOT NMOLITH). @ KOPHCTYBAU MepiOAMYHO 3BEPTAETHCH /10 CKPUHBKM i «3a6U-
pae» uCTH (TOBTO MOLWITOBMH KNIEHT Ckauye KOMito JMcTa 10 cefe i BHaNse
OpMriHan 3 nowroBoi ckpuHbkn). Ha nigcrtapi wiei KOHUeNuUii aie mpoTokon
POP3.

IMAP. KoHuenuis nowrosoro Tepminany mnonsrae s TOMY, IO BCA KOpec-
MOH/EHLUIs, MOB’S3aHa 3 MOLITOBOK CKPHHBKOI (BKJIIOUHO 3 KOMisMH BiAMNpas-
JIEHHX JIUCTIB), 36epiraeThcs Ha cepBepi, a KOPHUCTYBay 3BEPTAETLCA IO CKPHUHb-
KW 1111 neperssaay KopeclioHACHUIT (AK HOBOT, Tak i apXiBy) i HANMCAHH HOBUX
AMCTIB (BpaxoBYHOUM | BiAMoBimi Ha iHiwi aucty). [oaiGHe 36epiranHHa nowro-
BOTO JIMCTYBaHHA NOTpebye 3HAaYHO GibLUMX NOTYXKHOCTEH BiJl MOWITOBHX cep-
BEpIiB, B pe3yIbTari, B 6araTbox BUMAAKaX BiAGYBAcTbCA MOMIN Mk TOLITORBHMMH
CepBepamu, sKi NepecHnatoTh NMOWTY, i ceprepamu 36epiraHHs NUCTIB.

IpyHTYI04MCh Ha PoGOTi NPOTOKOMNIB BIAMIHHOCTI MiXK HHMU MOYKHA po3ai-
JIMTH 33 IBOMa OCHOBHUMM KPUTEPIAMH:

— TMPOLYKTHBHICTE ceprepa: IMAP 6inbln BUMoOrnmuMenii 1o pecypcir, Hix
POP3, ockineku Bes poGoTa 3 06poGKM MOWITH 3AIHCHIOETHCS cepeepom, POP3
TINbKK Nepeae MowTy KIieHTy;

— NpONyCcKHa 31aTHICTL kaHany: IMAP mae nepesary, ockinbku POP3 me-
penae Tina Beix MUCTIB NMOBHIiCcTIO, Toai sk IMAP Tinbku 3arONIOBKH JIMCTIB , a
pewTy — 3a 3arnnuTom,

IMAP 6yB po3spoGaenuii ans 3aminm npocriworo npotokony POP3 i mace
Taki nepesaru [21]:
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~ mucTH 36epiraloThes Ha cepBepi, a He Ha MallMHi KnienTa. Moxnusuit fo-
CTYN 710 OAHIET 1 Ti€T X MOLITOBOT CKPUHBKY 3 PisHMX KilieHTiB. [TiATpuMy€eThCS
TAKOX OJHOYACHUH JOCTYN AEKINBKOX KAI€HTIB. Y MPOTOKOJI € MEXaHi3MH, 3a
ZIONOMOTOI0 KMX KAi€HT Moxe Gyt npoinhopMoBaHMil Mpo 3MiHM, 3pobieHi
{HILIWMH KNIEHTaMHU,

- TiATpUMEKA JIEKITBKOX TMOLITOBUX CKPMHBOK. Kii€eHT MOXe CTBOpIOBAaTH,
BMITY4aTH | MepefiMeHOBYBATH MOLITOBI CKPMHBKM Ha CEPBEPI, @ TAKOX mepeMi-
LUATH JMCTH 3 OfIHIET MOIWTOBOT CKPMHBKU B iHIUI;

— MOITMBE CTBOPEHHs CIUIBHHUX TArNok, A0 AKAX MOKYTb MaTH QOCTYN Je-
KiNlbka KOPUCTYBayiB;

- inopMaLis Npo cTaH JUCTIB 30epiracThes Ha cepBepi i NOCTYNHa BCIM
knieHtaM. JIucTM MOXyTh 6YTH O3HaUeH] AK IPOYUTaHi, BaX/IMBI TOLIO;

- miaTpuMka noluyky Ha cepsepi. Hemae HeoOXiAHOCTI 3aBaHTaXyBaTH 3
cepBepa Ge3ntiy NOBiAOMIEHB A TOTO, oG 3HAHTH OJIHE NOTPiOHE;

- MigTpUMKa OH-naitH po6oTH. KilieHT MojKe MiATpUMYBaTH 3 CEpBEPOM Mo~
criliHe 3’€IHaHHA, IPU LLOMY CEPBEp Y pealbHOMY Yaci iHpopMye Kili€HTa 1po
3MiHHU B NOIITOBMX CKPUHbKAX, Y TOMY YHCIl PO HOBI JIUCTH,;

- nepeabavyeHo MexaHi3M PO3LUMPEHHA MOXKIIMBOCTEH IPOTOKOITY.

[ToTouHa Bepcia NpoTokony Mae nosHaueHHsa IMAP4rev] (IMAP, sepcis 4,
peBizia 1). IIpoTokon miATpUMYe repesady Napons KOpUCTyBada B 3alndpoBa-
HOMY BHUITIAAI.

KoHTpoabHI NUTaHHSA

1. Yomy npotokon TCP/IP cTaB yHiBepcanbHUM MiXKMEPEKEBUM MPOTOKOJIOM
i BUKOpHMCTOBYETBCH TMiA vac fepesadi nosigomseHs B [nternet?

2. Ha3BiTh ronoBHi npoTokony, sxi € cknanoporo yactuxoro TCP/IP Ha pisHux

piBHAX iepapXii.

Slke npusHauenns npotokony ARP? fke npusnavenns npotokony ICMP?

13 BCTAHOBNEHHAM YU 0€3 BCTAHOBJIEHHS 3’ €JHAHHA MpaLoe npotokos IP?

5. ki npoToxonu 3aGe3nevyioTb nepefavy AAHMX Ha TPAHCTIOPTHOMY piBHI
TCP/IP?

6. I3 BCTaHOBNEHHAM 4M 0e3 BCTAHOBJGHHA 3 €AHAHHA IPAIOE€ MPOTOKOJ

UbP?

Oyukuii npotokony IP.

Ski icHyroTs Buau anpecadii B IP-mepexax?

o sBnse coboro IP-anpeca? Axuit po3mip [P-agpecn?

0. Cxineku € knacis agpec? IToscHITb Pi3HHUIIO MK HUMH.

1. NoscHiThk, Ak knac IP-aapecu BU3Hauae THN Mepexki i MOXMBY KilbKiCTh

BY3JIiB B Hiil.

12. Ski 3 anpec He MOXYTb 3acTocoByBatHca sk IP-anpecu kiHueBoro Bysna
Mepexi, nig’enHaHol o Internet? JInd CHHTakCHYHO MpPaBUIIBHUX afpec
BKaXIiTh X Kniac.

bl
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13.

14.

15.
16.

17.

18

24.
25.

26.

27.

28.

Appeca 1 Apnpeca 2 Appeca 3
172.30.100.219 | 74.28.138.80 | 0.201.102.54
10.241.199.7 49.111.57.222 |127.223.87.169
192.168.128.128 1 108.45.119.63 |0.137.20.215
172.16.0.255 22.251.156.34 |127.48.92.128

Anpeca 4 Anpeca 5 Apnpeca 6
160.216.38.92 166.54.278.178 | 80.80.130.255
151.85.195.23 201.301.101.1 |37.0.0.0
191.255.67.244 | 400.152.126.77 | 46.255.255.255
128.93.187.121 | 187.58.31.299 |111.222.53.0

HaHo HOMep Mepexi i Macka. Slka MakcuManbHa KinbKicTb niamepex Ta By-
311iB y KOXKHIilt Takiil nigMepexi Moxe GyTH yTBOpeHa B 1aHOMY BUITIaAKy?
Bianoeiab MoTHBYiiTE.

Howmep Mepexi Macka
192.123.45.0 255.255.255.128
212.40.184.0 255.255.255.224
130.10.0.0 255.255.248.0
121.0.0.0 255.255.128.0
200.15.130.0 255.255.255.240

Sxkuit npoTokon HeoOXiAHMIt AN BU3HaueHHs NokanbHol aapec 3a IP-
aapecor?

o Take Macka miaMepexi i AKUM YHMHOM BOHA CTBOPIOETHCA?

o Take moptu TCP/IP i Ak BOHM NOB’A3aHi 3 MOPTAMU BBEICHHS—
BUBEIEHHA AaHUX?

o take coketn y TCP/IP i sx BOHM BH3HAYAIOTHCA?

. lilo aBnste coboro cepep www?
19.
20.
2].
22.
23.

o HazuBaeThCA rineprekcTom?

I1lo Take cuctema DNS?

Slke npusHayeHHa nporokoiay HTTP?

Slke npusHauenns nportokony FTP?

Hu moxHa 3a sonomororo npotokony FTP ogepkysati nosHuil 10CTyn 00
GaiiniB 1okanbHOT Mepexki?

Ski ABa pexxUMU TPaHCIOPTyBaHHs (aiinie 3a6e3neuye FTP?

Ski npoTokonu, mpusHaueHi Aas 3abesneveHHs pobOTH eNeKTPOHHOI mo-
1UTH, BY 3HaeTe?

Ski mpoTOKOM BIAMOBIAAIOTH 3a BiACM/IAHHS MOBIAOMIEHb ENEKTPOHHOI
nowTtu?

SIKi NpOTOKONM BIAMNOBIJAIOTL 33 OTPUMAHHA MOBIAOMEHL ENEKTPOHHOI
nowTtn?

3 JIOKaJIbHMMH YH BiJZANEHMMH MOLITOBMMH CepBEPaMH MpaLIOe NPOTOKON
IMAP?
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IJIOCAPIA

Amplitude Modulation (AM) — aMAJiTYIHa MOAY AL

Application layer — npuknaanuii piseHb

Application Programming Interface (API) — inTepdeiicn npukiagHux mpo-
rpaM

Backup — pe3epBHe KOMilOBaHHA

Bit Error Rate (BER) — xoedinient 6iTOBUX NMOMUIIOK

Bridge — micT

Broadcast — LIHPOKOMOBHE MOBiIOMJIEHHSA

Browse — poauBAATUCA

Carrier Sense Multiple Access/Collision Avoidance (CSMA/CA) ~ BinbHui
(MHOXHHHHI1) IOCTYN 3 NPOCTYXOBYBAHHAM Hecy4oi Ta 3anobiraHHAM Ko-
Ni317

Carrier Sense Multiple Access/Collision Detect (CSMA/CD) — BUTBHMH
(MHOXHHHHKH) AOCTYM 3 NPOCIYXOBYBAHHAM HECY40i Ta BUABIECHHAM Koni-
3ilt

Channel switching — koMyTauis kaHanis

Client — poGoua cTaHLisA

Client-server architecture — apxiTeKkTypa Kii€HT-CepBep

Coaxial — koakcianbHuit kabenb

Common Management Information Protocol (CMIP) — 3aranbuuil NpoToKON
ynpasninHs iHQopMali€o

Concentrator — KOHUCHTpPATOP

Connection Less Network Protocol (CLNP) — Mmepexesuit npotokon Ge3s op-
radizauii 3’€AHaHb

Data link — xananu 38’ 43Ky

Dedicated — cepBic BUAINCHHUX KaHANIB

Dispersion Shifted Fiber (DSF) — onHOMO10Be BOJIOKHO 3i 3MIIUCHOIO HYJbO-
BOIO AMCNEPCiEr0

Domain Name System (DNS) — posnozineHa 6a3a 1aHMX, 10 ATPUMYE iepap-
XiuHy CHCTeMy iMeH Juisl ifeHTudikauii By3nis B Mepexi [HTepHeT

Extra High Frequency (EHF) — HaaByCOKi 4acTOTH

Extremely Low Frequency (ELF) — HafHH3bKi 4acTOTH

Fast Packet Switching (FPS) — wsnxa KoMyTallisl IaKeTiB

Fiber Distributed Date Interface Station (FDDI) — MepexeBa TEXHOJOTiA 3a
craumaproM IEEE 802.6, 1110 BUKOPHUCTOBYE ONTOBONOKOHHUH HOCIi

Fiber Optic Cable — onroBosiokonHUi Kabeb

File Transfer, Access and Management (FTAM) — npoToko:n nepeadi, 1oc-
TyIy Ta ynpaeiiHas ¢ainamu

File Transfer Protocol (FTP) — npoTokon nepedadi daiinie

Foiled Twisted Pair (FTP) — kpyueHa napa 3 OJHHM, TillbKH 3arajbHAM, eKpa-
HOM

Frame — xaapu
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Frequency Division — yactoTre yminsHeHHs

Frequency Division Multiplexing (FDM) — TexHika 4acTOTHOro MYyJibTerIeK-
CyBaHHs

Frequency Modulation (FM) ~ uactoTHa Moy siiis

Gateway —~ uuno3

High Density Polyethylene (HDPE) — nonieTunedn BUCOKOT MIiIbHOCTI

High Level Data Link Control (HDLC) — npoTokos ynpaiHHs KaHAIOM rie-
pelayi gaHux BUCOKOTO PiBHS, 4711 HOCNiOBHUX 3’€IHAHb

Hub- xonueHTparop

Hyper Text Transfer Protocol (HTTP) — npoTokon nepenaui TiNepTeKCTOBUX
daiinis

Infrared transmission — ingpauepBoni TexHosoOrii

Integrated Services Digital Network (ISDN) — uudposa Mmepexa 3 IHTerpo-
BaHUMHM cTyxOamu

Intranet — BHyTpiuHa Mepexa

International Standardization Organization (ISO) — MDKHapoAHa opraHisa-
Lis 31 cTaHAapTH3ALT

Internet Message Access Protocol (IMAP) — nportokon AOCTYNY A0 MOBIJOM-~
JieHb IHTepHeT

Internet Protocol (IP) — mporokon Internet, MepexeBuii MpoTOKON CTeka
TCP/IP, axuit Hanae agpecHy | MapwipyTHY iHdopMaLito

Internetwork Packet Exchange (IPX) — npotokosn Mi>KMepexeBoro oOMiHy
NaKeTaMH, NpU3HaYeHUni J1A afpecauii i MaplupyTH3aUii nakeTis B Mepe-
x#ax Novell

Leased — cepBic opeHfoBaHux KaHaniB

Light Emitting Diode (LED) — ceiTnogion

Local Area Network (LAN) — jokanbHa KOMN’10TepHa Mepeska

Local Multipoint Distribution System (LMDS) — cTanuapt Mo6insHHX Mepex
Ge3npoBoaoBoi nepeaadi ingopmanii s dikcoBaHux aGoOHEHTIB

Logical Link Control (LLC) — nori4auii KOHTponb 38’ 13Ky

Loopback — netnese tecrysanns

Low Density Polyethylene (LDPE) — nonieTuied HU35KO01 WiNBHOCTI

Low Smoke Zero Halogen (LSZH) —xaGeni, iki He NiATPUMYIOTh FOpPiHHS

Media Assess Control (MAC) — KOHTpoIb AOCTYNY [0 CepeioBULLa

Medium Density Polyethylene (MDPE) — nonieTunexu cepeasboi WinbHoCTi

Mesh — xomipkoBa Tonosoris

Meshed networks — komipkoBi Mepexi

Message switching — koMyTauis roBiZOMJICHE

Metropolitan Area Network (MAN) — micbka koMn’toTepHa mepexa

Microwaves — MikpOXBHIILOBHIA [iana3oH

Multicast address — rpynosa angpeca

Multihomed — komn’totep i3 1BOMa aGo KilbkoMa MepexeBUMHU iHTepdeiicamu

Near End Cross Talk (NEXT) — nepexpecHi HaBeeHHs Ha 61MKHBOMY KiHLLi

NetWare Core Protocol (NCP) — 6asosuii npotokon mepex NetWare
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Network Layer — mepexxeBuii piBeHb

Non-Zero Dispersion Shifted Fiber (NZ-DSF) — BONOKHO 3i 3MILLEHOIO HEHY-
JILOBOIO AUCIIEPCIEIO

Open Shortest Path First (OSPF) — npoTokon MapuipyTi3auii, o 3aiMaeThes
BUBUYEHHAM TOMOJOrIl Mepexi, BH3HAYCHHAM MapUIPYTIB i CKIaJlaHHAM
Tabnuub MapLIpyTH3aLil

Open System Interconnection (OSI) — Ga3oBa eTajoHHa MO/IeNb B3a€MOAIT Bi-
OKPUTUX CHCTEM

Optical fiber — BONOKOHHO-ONTHYHUI Kabenb

Packet — naketn

Packet switching — komyTallis MakeTiB

Peer-to-peer architecture — 0JHOpaHIOBa apXiTeKTypa

Physical Layer — dizuunuii piens

Polling— onutyBaHHs

Port — nopt

Presentation layer — piBeHb NOJAHHA JaHUX

Repeator — noBropoBay

Router — maplupyTtu3arop

Routing Information Protocol (RIP) — npoTokon mapiupyTu3auii, 1o 3aima-
€TBCSl BUBUEHHAM TOMOJOTIT Mepexi, BU3HAYEHHAM MaplLIpyTiB i CKlajaH-
HAM Tabmuup MapuIpyTh3alii, Ha OCHOBI skuX npoToxon IP  mepemimae
nakeTy B MOTPiGHOMY HaANPAMKY

Screened Fully shielded Twisted Pair (S/FTP) — kaenb, B AKOMY KOXHa rapa
obrninereHa $honeroto

Secure Socket Layer (SSL) — piBeHb 3aXHIIEHHX COKETIB

Serial Line IP (SLIP) — npoTokon NOCHiA0BHOI MOCHMBOJBHOI Nepeaadi aa-
HHX

Sequenced Packet eXchange (SPX) — ynopsaaxosannii o6Mid MakeTamy creka
Novell

Session layer — ceaHcOBMiA piBEHb

Shielded Twistedpair (STP) — ekpaHopaHa kpy4eHa napa

Simple Mail Transfer Protocol (SMTP) — npocTuii MpoToKol NOWTOBOro 06~
MiHy

Simple Network Management Protocol (SNMP) — npocTuit npoTokon Mepe-
JKEBOTo ynpaBJiHHA

Socket — coker

Statistical TDM (STDM) — cTaTicTUHHUI MOAIN KaHAy B 4Yaci

Structured Cabling System (SCS) — cTpykTypoBaHa kabeNbHa CHCTEMa

Subnet mask — macka nigmepexi

Switch — komyTaTop

Synchronous Transfer Mode (STM) — TexHiKa CUHXPOHHOTO PEXUMY Iepe-
Aadi

Telnet — npotokon emynauii TepmMinana

Thick Ethernet — ToBcTHii KoakcianbHUI Kabelib
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Thin Ethernet — ToHkuit koakcianbHuit kabenb

Time division — yacose yuinsHeHHs

Time Division Multiplexing (TDM) — TexHika MynbsTUIIEKCYBaHHS 3 [OAiNI0M
qacy

Token Passing — nepenapatus mapkepa

Token ring — mepexena TexHonorid 3a cranaaptom IEEE 802.5, mo Bukopuc-
TOBYE KiJIbUEBY TOTOJIONIIO i METO/1 IOCTYILY 3 Mepeaayero Mapkepa

Transmission Control Protocol (TCP) — nipoToko ynpasiiHHs nepenadero
crexa TCP/IP

Transmission Protocol (TP4) — nportokoin nepenaui knacy 4

Transport Layer — TpancnopTHui piBeHp

Trivial File Transfer Protocol (TFTP) — Haiinpocriwmii npotokon nepeaauyi
(aiinie

Twisted pair — xpyuena mapa

Unshielded Twisted pair (UTP) — HeekpaHoBaHa kpyueHa napa

User Datagram Protocol (UDP) ~ npoTtokosn neiiTarpaM KOpucTyBaya

Virtual Local Area Network (VLAN) — BipTyansHa JiokaibHa KOMIHOTepHa
Mepexa

Wavelength division — XBub0Be yIlinbHEHHA

Wide Area Network (WAN) — rio6anbHa KOMIT 10TepHa Mepexa

Wireless Local Loop (WLL) — cucreMa G6e3NpoBOAOBUX aOOHEHTCBKUX
3’€HaHb

Worldwide Interoperability for Microwave Access (WIMAX) — crangapr
6e3npoBOJOBOro 3B’A3Ky, 110 3abe3nedye IMPOKOCMYTOBHH 3B°A30K Ha
3HaYHi BiICTaHI 3i BMOKICTIO, MOPIBHAHHOI 3 KabeNbHUMH 3’ €AHAHHAMHU

World Wide Web (WWW) — BceciTHs NaByTHHA
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