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1 TABOPATOPHA PABOTA Ne 1
MOJIEJIOBAHHSA JIOKAJIBHOI MEPEXKI

Merta po6OTH: BUBUUTH MOXKJIMBOCTI CHCTEMH MOJIENIOBaHHS JIOKAJIbHOI Me-
pexi Packet Tracer, ctBoputr MOJIeITb JTOKAJILHOT MEPEXKI Ta MEPEBIpUTH i mparie3aa-
THICTb.

1.1 TeopernuHi BinomocTi
1.1.1 Packet Tracer

Packet Tracer — Ge3KOIITOBHUN EMYJIATOP MEPEIKEBOrO CEPEIOBHINA, IO BH-
nyckaetbest (ipmoro Cisco. [lo3Boisie poOUTH Tpare3naTHi MOJIe MepexXi, Haxaro-
mkyBatu (komannamu CISCO 10S) mapmipyTuszatopu 1 KOMyTaTOpU, B3aEMOJIIATH
MIXK JIEKIJIbKOMa KOPUCTYyBadyaMH.

Brutrouae cepii mapmpyrusaropis Cisco 1800, 2600, 2800 i komyTaTopis 2950,
2960, 3650. Kpim Toro € cepsepu DHCP, HTTP, TFTP, FTP, TIME, po6oui cranimii,
pi3HI MoxyJsi a0 KOMI'oTepiB 1 Mapmipyrtu3aTtopi, mpuctpoi Wifl, pisHi kabeui.
VYcnimHo 103BoJsiE CTBOPIOBATH HABITH CKIIAAHI MAKETH MEPEXK, NEPEBIPATH HA TIpa-
1E€37aTHICTh TOTOJOT1I.

1.1.2 OcHoBHi cepBepu Packet Tracer

DHCP (anra. Dynamic Host Configuration Protocol — npotokon quHamMidHOT
KOH]irypartii By3ia) — 1€ MEpPEkKEBUM MPOTOKOI, IO J03BOJISIE KOMIT'IOTEpAM aBTO-
MaTHYHO OTPUMYBATH IP-ajpecy 1 iHIIi mapameTpu, HeOOXIaHI Ui POOOTH B Mepexi
Tcp\ip. JlaHuii MPOTOKOJ MPALIOE MO MOJACII «KIEHT-cepBep». s aBTOMaTHYHOI
KOH]iryparii KoMI'toTep-KIEHT Ha eTarni KOHpIrypaiii MepexeBoro npucTporo 3Be-
pTaeThes A0 Tak 3BaHoro cepsepa DHCP, 1 oTpumye Bil HhOTO OTPIOHI TapaMEeTpH.
MepexxeBuil aqMiHICTpaTOp MOXKE 3aJIaTH Jiara30oH ajapec, M0 PO3MOAISIIOTECS Cep-
BEpOM cepell KoMi'toTepiB. Lle 103BoJisse YHUKHYTH PYYHOTO HAJAIITyBaHHS KOMII 'FO-
TepiB Mepexi 1 3MeHITye KUbKicTh MOMUIIOK. [IpoTokon DHCP BukopucTtoByeThCs B
OibIIoCcTi BeNMMKUX (1 HE Ayxke) mepex Tcp/ip.

HTTP (Bix anrn. Hypertext Transfer Protocol — «mpoTtokoi mepeaadi rimep-
TEKCTY») — MPOTOKOJI MPUKIIATHOIO PiBHS Mepenadi JaHuX (CIoYaTKy — Yy BHUTJISIL
rinepTeKcToBuX N0KyMeHTIiB). OcHoBoto HT TP € TexHooris «kiieHT-cepBep», TOOTO
nepeadavaeTbCsl ICHYBaHHS CIIOKHBAYiB (KJIIEHTIB), SIK1 1HIIIIOIOTH 3'€IHAHHSA 1 TTOCH-
JIAI0Th 3aIUT, 1 MOCTAaYaJIbHUKIB (CEpBEPIB), K1 YEKAIOTh 3'€THAHHS JUISI 3100yTTS 3a-
NUTY, BUPOOJIAIOTH HEOOXI1/IHI JIii 1 TOBEPTAOTh Ha3a/ MOBIOMIIEHHS 3 PE3YJIbTaTOM.
HTTP na nanuii yac ckpi3b BUKOPUCTOBYEThCS B BcecBiTHIN maByTUHI I 3000y TTS
iHpopmartii 3 BeO-caitiB. Y 2006 pori B [liBHiuHiih Amepurti gois http-tpadiky me-
peBumuia noio P2p-mepex 1 cknana 46%, 3 SkUX Maibke MOJOBHHA — 1€ Meperaya
MMOTOKOBOTO BiJI€O 1 3BYKY.

OcHoBHuM 00'ektoM Maninyisii B HTTP e pecype, Ha sikuii Bkazye URI
(anra. Uniform Resource Identifier) B 3anuTi kitienTa. 3a3Bu4ail TaAKUMH peCypcaMu €



daiinu, mo 30epiraloThCsl HA CepBeEpl, ajle HUMHU MOXYTb OyTH JIOT14HI 00'ekTH 200
mock abcrpaktHe. OcobnuBicTio mpotokosry HT TP € MoMBiCTh BKa3aTH B 3amuTi i
BIJIMOBIJII CIIOCIO MIPEACTaBICHHS OAHOTO 1 TOT'O K PECypCy IO PI3HUX MapaMeTpax:
dbopmary, KoayBaHHIO0, MOBI. CaMe 3aBASKH MOXKJIMBOCTI 3aJaHHS CIIOCO0Y KOIyBaH-
HS TIOB1JIOMJICHHS KJIIEHT 1 CEPBEP MOXKYTh OOMIHIOBATUCS ABINKOBUMH JaHUMHU, X O-
4ya JJaHUU IMPOTOKOJI € TEKCTOBHUM.

DNS (anrn. Domain Name System — cucrema JOMEHHUX IMEH) — KOMIT'IO-
TE€pHA PO3MOJIJIEHAa CUCTeMa i 3100yTTs iHpopmarllii npo goMmenu. Haifuacrimie
BUKOPUCTOBYETBCS IS 3M00yTTA IpP-agpecu mo iMeHi xocta (KoMIT'roTepa abo mpu-
CTpPO10), 3100yTTs 1HGOpMALIIi PO MAPIIPYTHU3ALIIIO MOIITH, 0OCIYTrOBYIOUUX BY371aX
JUUISL IPOTOKOITIB B IoMeHi (Srv-3amnuc). Po3mozainena 6aza nannx DNS niaTpumyers-
cs 3a JIONOMOT0t0 iepapxii dNs-cepBepiB, 110 B3aEMOJIIOTH MO TIEBHOMY IPOTOKOJTY.
OcnoBoro DNS € ysBineHHS Mpo i€papxidHy CTPYKTYpy JTOMEHHOro imM’s i 30Hax. Ko-
JKEH CepBep, 110 BIAMOBIIAE 3a IM'sl, MOXKE JIeJIETyBaTH BIAMOBIIAIBHICTh 32 MO b-
1y YaCTUHY JIOMEHA 1HIIOMY cepBepy (3 aaAMIHICTPAaTUBHOI TOYKH 30py — 1HIIIHN Op-
radizaiii abo JIOJMUHI), 110 J03BOJISE€ MOKJACTH BIAMOBIIAIBHICTh 32 aKTYaJIbHICTh
iHpopMallii Ha cepBepH PIZHUX OpraHizamii (Jrojen), 1o BiAMOBIAAIOTH JIMIIE 3a
«CBOIO» YaCTUHY JIOMEHHOT'O IMEHI.

1.2 Marepianu 1Ji1 BUKOHAHHS POOOTH
1.2.1 Pobora 3 Packet Tracer

Bubip HeoOXigHOTO eneMeHTy Mepeki HeOOX1IHO POOUTH B HIDKHIW MaHesl
poGouoro BikHa (pucyHok 1.1). Ha maneni € rpynu npunanaiB 1 ixHi Moaudikarii.

Sl S GBS

1541 2E0KM |26 1KM 2811 Generic

Fouters

_|g ’ 4 m b
e Device to Drag and Drop to the W
Pucynok 1.1 — BuGip He0OX1IHOTO €IEeMEHTY MEPexki

Tunu xkaOemiB Ut 3’ €HAHHSA 3HAXOAATHCA Ha I[ii Jke maHesl B 3axianmni « Con-
nections». Tyt Mo)xHa BHOpaTH JUIA 3’€HaHHSA KaOelb, AKMH HCOOXITHUHN (PUCYHOK

1.2).

S e Il O = 7 e [ r

| Connections

_|_; ’ « T r
TR Jtomatically Choose Connection Ty

Pucynok 1.2 — Bubip HeoOxi1HOTO TUITy Kabest



1.2.2 CTBOpeHHs1 MoJeJTi Mepexi

s cTBOpeHHS Mepexi BukopuctaHo 2 cepBepu: DNS-DHSP 1 mail,
xomytarop Cisco Catalyst 2960, 10 pobouux craniiii.

EnemenTu moTpiOHO 3’€AHATH, SIK MOKA3aHO HAa PUCYHKY 1.3.

Server-
DNS_DHCP_Sersgr

F

— ==
PC-PT i, &=
PCE PC-PT PC-PT PC-PT
PC7 PC8 PC9

Pucynok 1.3 — Tomosorist cTBOpeHOi Mepexi

[lir’eqnani 10 Mepexi XOCTH, cepBepd aboO 1HIII €JIEeMEHTH NOTPIOHO
HajamTyBaTd. |P-aapecu myisi KOMIIOHEHTIB MOKHA pO3/JaBaTH aBTOMAaTHYHO abo
MIPUCBOIOBATH KOKHOMY €JIEMEHTY OKPEMO.

JInst HAnmaro/pKeHHsT XOCTa HEeOOXIAHO KJIAIHYTH JBa pa3ud Ha HHOMY JIIBOIO
KJIaBillIel0 MUIIKKA. B BimkpuTOMy BikHI mepedT Ha 3akianky «Config» i BuOparu
THUI OTpUMaHHs Ip-anpecu (pucyHok 1.4).

TR B ST

| Physical | Config | Desktop
| O |+ Global Settings
Settings X
—_— Display Name PC9
Algorithm Settings
INTERFACE Gateway/DNS
FastEthernet @ DHCP

) Static

Gateway I
DNS Server

Gateway/DNS IPvS
@ DHCP

) Auto Config

) Static

IPvE Gateway
IPv6 DNS Server Ul

Pucynok 1.4 — Jlunamiyne abo craTU4HE OTPUMAHHS aipecu JIJIsl XOCTiB



[Tpu BuGopi «DHSP» apaecy xocty Oyne MpuCBOEHO aBTOMAaTUYHO B 3aJIEK-
HOCTI Bij HanamTyBanHs DHSP-cepsepy.

JIis CTaTUYHOrO OTPHMAaHHS ajpecd HEeOOXITHO BiAMITHTH moyie «Staticy,
Hamucatu gateway-anpecy (HeoOXigHa MJid 3B’sI3yBaHHS MeEpex, 3a3BU4Yail OlHA 3
BUTbHHX ajpec manoi miamepexi) i DNS-cepsep. Ilicis nporo nmepeiiTu Ha 3aKIagKy
«Desktop», BuOpatu «IP Cofigurationy, 3amoBHUTH BCi MOJIT B BiAKPUTOMY BiKHI
(pucyHok 1.5).

[ o pco

IP Configuration

) DHCP
DHCP request failed.
@ Static

IP Address

Subnet Mask

Default Gateway

DNS Server

Pucynok 1.5 — Bikno nis 3amganns IP-anpecu, macku, nutro3y, DNS-cepsepy
JUTSL XOCTa

Takox morpiOHo HamamtyBatd DNS 1 DHCP cepsepu, natu im Haszsu 1 IP-
anpecu. HanamryBaHHs noka3aHe Ha pucyHkax 1.6 ta 1.7.

Q DNS_DHCP_Server

Physical | Config | Desktop

GLOBAL
Settings

Algorithm Settings DNS Service
SERVICES
HTTP Resource Records

DHCP

TFTP

DNS
SYSLOG
ARA Add Save

Name mail.mnet

Address 192.168.73.2

NTP
EMAIL

FTP
[ INTERFACE mynet

m MailRAvem
| masiEnemet ns.mnet 192.168.73.2

www.mnet 192.168.73.3

Name Type Details
dns.mnet A Record 192.16
mail.mnet 192.16

DNS Cache,

Pucynok 1.6 — HanamryBanus DNS-cepBepa mepexi
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R ons v e o ol

Physical | Config | Desktop
GLOBAL i DHCP
Settings
Algorithm Settings Service @ On ~ Off
SERVICES ] -
HTTR Pool Name serverPool
DHCP Default Gateway 192,168.73.254
TFTP
— DNS Server 192.168.73.1
Start IP Address : 192 168 73 0
3YSLOG
AAA Subnet Mask: 255 255 255 0
e N TR Maximum number
EMAIL of Users :
FTP
——— TFTP Server: 0.0.0.0
INTERFACE
lenfasiCthernel Add ] [ Save Remove
Pool Name Default Gateway DNS Server Start IP Address  Subnet Mask Max Number TFTP Sever
server_DNS 192.168.73.254 192.168.73.1 192.168.73.1 255.255,255.0 250 0.0.0.0
serverPool 192.168.73.254 192.168.73.1 192.168.73.0 255.255.255.0 200

Pucynok 1.7 — Hanamrysanuss DHCP-cepBepa mepexi

1.2.3 IlepeBipka npaue3aaTHoCcTi Mepexki
B pe3ynbraTi BUKOHAHHS KOMaHIU PINQ HA OJIUH i3 XOCTIiB, OTPUMaHHIA BUBI:

Packet Tracer SERVER Command Line 1.0
SERVER>ping 192.168.73.7
Pinging 192.168.73.7 with 32 bytes of data:
Reply from 192.168.73.7: bytes=32 time=10ms TTL=128
Reply from 192.168.73.7: bytes=32 time=10ms TTL=128
Reply from 192.168.73.7: bytes=32 time=12ms TTL=128
Reply from 192.168.73.7: bytes=32 time=12ms TTL=128
Ping statistics for 192.168.73.7:

Packets: Sent = 4, Received = 4, Lost = 0 (0% loss),
Approximate round trip times in milli-seconds:

Minimum = 10ms, Maximum = 12ms, Average = 11ms

PesynpTaTn BukoHaHHA KoMaHau tracert mist 000X cepBepiB MOKa3aHi HIKYE:

PC>traert 192.168.73.1

Invalid Command.

PC>tracert 192.168.73.1

Tracing route to 192.168.73.1 over a maximum of 30 hops:
1 8ms 8ms 6ms 192.168.73.1

Trace complete.

PC>tracert 192.168.73.2

Tracing route to 192.168.73.2 over a maximum of 30 hops:

1 7ms 7ms 6ms 192.168.73.2
Trace complete.

[IpeBipky poOOTH Mepeki MOXKHA TAaKOXK 3a JOMOMOTOI0 €JIEMEHTIB (PUCYHOK
1.8) Ha GOKOBIi# maHei.
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Pucynok 1.8 — EnemenTn st mepeBipku nepeaadi makeTiB

VY maneni Ha pucyHky 1.9 Oyne 300paxeHO BUKOHAHHS a00 HEBUKOHAHHS Tie-
penadyl MmaKkeTiB.

]

Fire Last Status  Source Destination Type Color Time (sec) FPeriodic Num Edit Delete
Successful  PC1 192.168.73.3 icve | 100000 W 0 (edit) (delete)
Successful  PCO DNS_DHCP_Server ICMP . 0.000 N 1 (edit) (delete)
Successful  DNS_DHCP_Serverhttp_mail_server ICMP . 0.000 N 2 (edit) ( )
Successful  PCS DNS_DHCP_Server ICMP 0.000 N (edit) ( )

delete

delete

delete

Pucynok 1.9— MogentoBanHs nepeaadi MakeTiB CEpBEPiB Ta XOCTIB

1.3 3aBpanns

1. Cxmactu MoJenb JOKaJbHOI MEpexi, sika ckiaaaerbes 3 10 pobounx craH-
i, 2 cepsepis, 1 kommyraropa (Cisco Catalyst 2960).

2. 3'emHaTl MiXk COOOF0 BY3JIM MEPEKi KaOeIsIMU BUTOI ITapH.

3. Hanarogutu mepexesi iHTepdeiicu podouux craHiiii 1 cepsepiB. s Ha-
JAIITYBaHHS BUKOPHUCTOBYBATH MEPEXY, sika Mae Ip-aapecy 192.168.73.0 1 macky rmi-
aMepexi 255.255.255.0.

4. TlepeBipuTH Ipare3aTHICTh JOKAJIbLHOI MEPEKi:

5. B xoMannHOMYy psifKy poOOYMX CTaHII BUKOHATH KOMaHAY ping AJis BCIX
poOOYMX CTaHIIN 1 CEpBEPIB;

6. B koMaHIHOMY psIKY pOOOYMX CTaHIIIM BUKOHATH KOMaHAy tracert mo Bcix
CEepBEPIB;

7. BukoHaTH KOMaHIy PiNg MiX JBOMa XOCTaMHU.

1.4 KoHuTpoJbHi NUTAHHS

Sk nonaTtu eneMeHT B MOAEb Mepexi?

SIki rpynu MepekeBHUX €JIeMEHTIB ICHYIOTh B Ptracer?
SIxi TunM comy4HUX KabemiB icHyIoTh B Ptracer?

Sk 3'eqHATH €JIEMEHTH B MOl MEpexki?

SIx BUKOHATH KOMaHy Ha OyAb-sIKOMY XOCTi?

Sk cTBOpUTH clieHapiit?

JIu1st 4oro CITy’)KuUTh KOMaHaa Ping?

Jls1 goro ciyxuTh KomaHa tracert?

Nk E
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2 JABOPATOPHA PABOTA Ne 2
JIOKAJIBHI MEPEXI. POBOTA 3 VLAN

Meta po00TH: BUBUUTH Ha MPAKTHUIIl OCHOBU MOOYIOBU BIPTYaJIbHUX MEPEK
(VLAN), BUKOpHCTOBYIOUN HABHKH MEPEKEBOI apu(METHKH, HABYUTHUCS PO30OMBATH
MEpEeKy Ha MiAMEPexi JOBUIbHUX MACOK.

2.1 TeopeTru4Hi BitomocTi
2.1.1 VLAN

VLAN (a66p. Bix anri. Virtual Local Area Network) — BipryasibHa J1oKanbHa
KOMIT'IOTEpHA MEpeKa, € TPYIOI XOCTIB 13 3arajJbHUM HAaOOpPOM BHMOT, $IKI B3a€EMO-
JUIOTh TaK, SIK IKOM BOHM OYJM MIJKIIOUEHI O NIUPOKOMOBHOTO JIOMEHA, HE3aJIeKHO
BiJ iX (¢izuyHoro micre3Haxomkenusa. VLAN mae Ti  BaacTHBOCTI, 1m0 1 ¢i3udyHa
JIOKaJbHA MEpeXa, ajie J03BOJIAE€ KIHIIEBUM CTaHIIsIM TPyNyBaTHUCs Pa3oM, HABITh
SKIIO0 BOHU HE 3HAXOIATHCS B OJHIN (i3uuHiN Mepexi. Taka peopranizailis Moxe 0y-
TH 3p00JieHa Ha OCHOBI MPOrpaMHOro 3abe3MnedeHHs 3aMicTh (PI3UYHOTO TepeMillleH-
Hsl IPUCTPOIB.

[IepeBaru:

1. TlonmermryeThCcsi TepeMIIlICHHs], TOJAAaBaHHSI MPUCTPOIB 1 3MiHA iX 3'€HAHb
OJIUH 3 OJIHUM.

2. JlocsraeTbes BeMKa Mipa aIMiHICTPaTUBHOT'O KOHTPOJIIO YHACTIOK HasB-
HOCTI IPUCTPOIO, 110 311HCHIOE M Mepexamu VLAN mapmpyTusaiito Ha 3-M-Koi
PiBHI.

3. 3MEHIIYEThCS] BKUTOK CMYTH MPOIMYCKaHHS B MOPIBHAHHI 3 CUTYAII€I0 O/JI-
HOT'O IIMPOKOMOBHOTO JIOMEHA.

4. CxopouyeThbcs HeBupoOHHUe BuKopuctanus CPU 3a paxyHOK CKOpOUYEHHS
NEPECUIIKH IIUPOKOMOBHUX MOB1IOMJICHbD.

5. 3amo6iraHHs MUPOKOMOBHUM IITOPMaM 1 3a1100ITaHHS TIETIISM.

2.1.2 Ctpykrypa IP-agpecu

Cxema Maprpytu3amii nosigomienb B TCP/IP 6a3yeTbcs Ha yHIKaIbHUX af-
pecax, Ha3BaHUX adpecamu Internet ado |P-adpecamu, sxi yTBOoprotoTh napy:

<aodpeca nokanbHOI Mepedici, aopeca 8yzna 6 lokanvhil mepedci> ado (<NetlD, Hos-
tID>)

IP-anpecu nmpencrasieni 32-6iToBuM kojoM 1 autsaTees Ha kiacu: A, B, C, D, E
(Tabx. 2.1). HaitGinpie BUKOPUCTaHHS HA JaHUH Yac MArOTh MepIii 3 KIacu.
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Tabmuus 2.1 — IP-anpecu

1/2/3|4/5/6|7(8|9 ... |16 ...| 24 ...| 32
Kmac AlQ|  Anpeca Anpeca By3ia
0 Mepexi HostID (24 6itn)
NetID (7 6it)
Kmac B|0 |0 Anpeca Mepexi Anpeca By3na
110 NetID (14 6iT) HostID (16 6iT)
KnacC(1(1(0 Anpeca Mepexi Anpeca By3ia
111|0 NetID (21 6iT) HostID(8 6iT)
KmacD(1/1(1]0 bararoanpecna MulticastGrouplID (28 6iT)
111(1|0
KmacE|1]1]1|1]|1 3ape3epBOBaHO JJ1s1 MaOyTHIX 3acTOCyBaHb (27 01T)
111|1]|1|0

- Kuac A - anpeca nounHaetses 3 0

- Kunac B - agpeca mounnaetbcs 3 10

- Kunac C - anpeca mounnaetses 3 110

- Kaac D - angpeca mounnaetscs 3 1110

- Kaac E - agpeca mounnaeTses 3 1111

Po3mozin KiJIBKOCTI aapec Mepek Ta BY3JIB y Pi3HHX Kjacax MOKa3aHO B Tal-
i 2.2.

Tabmums 2.2 — Po3moin KiTbKOCTI aapec y Kiaacax

Yucao mepex Ny (domains) Yucno By3aiB N, (hosts)
Krnac A 2822 2°4.2
Kiac B 2142 212
Knac C 2712 282

Konu komm’toTep mae aBa abo Oinblie Pi3MIHUX M1 €JHAHb BiH HA3UBAETHCS
multi-home host. Takuit komm’toTep abo mapuipytuzaTop notpedye MHoxuny IP-
aapec, Ipu 1IbOMY KOXKHA aJpeca BIAMOBIIAE€ OJHOMY 3 I’ €IHAHb MAIIUHHU J0 Me-
pexl.

Ockinbku IP-anpecu konyroTh Ik MEPEXKY, TaK 1 By30J B MEPEXKi, TO LI aJipecH
HE BU3HAYAIOTh KOHKPETHUI KOMIT IOTEP, a BU3HAYAIOTH M1’ €THAHHS IO MEPEexKi.

Tomy poytep, Akui 3’€1HYE N Mepex, Mae N pizHux |IP-agpec, mo omHiit mis
KOKHOT'O MEPEKEBOT0 i’ €THAHHS.

2.1.3 NecarkoBuii 3anuc IP-aapecu

IP-anpeca mae votupu mons (Oaiith) y dopmi aaa.BBB.ccc.ddd, posmineHux
kpankamu (tadmuig 2.3). KoxkHe mose 3BHYaiiHO mojaeTbes y (GopMi JAeCITKOBOTO
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yucna. |IP-agpecu MokHa pO3pI3HATH 3a KJacaMH, BUKOPUCTOBYIOUYH JECATKOBE 3HA-
YEeHHs aaa mepuioro Oaira:

Tabnuis 2.3. — Posnoxain IP agpec 3a kitacamu

Kiac Haiimenmia anpeca HaiiGinbima agpeca
A 0.1.0.0 126.0.0.0
B 128.0.0.0 191.255.0.0
C 192.0.1.0 223.255.255
D 224.0.0.0 239.255.255.255
E 240.0.0.0 247.255.255.255

2.1.4 Mepe:xi Ta minmepesxi. Macku

B opurinaneniit cxemi IP-agpecanii Oynp-skiid ¢i3uyuHid Mepexi Npu3HaueHa
yHIKaJIbHA MEpexeBa ajipeca; Oynb-sSKui By30J B Mepexki BUKOPUCTOBYE MEPEKEBY
aapecy Ak npedikc 10 1HAUBIAYalbHOI aapecu By3na. Takuil monain oOyMOBICHUN
notpedaMu mponecy MapupyTusanli naketis. OKkpemi TEpUTOpIalibHI MEPEKI MAIOTh
NeBHY cBOOOMY B MoAu(iKalii agpec 1 MapuIpyTiB, 10 AO3BOJIAE POUIMPUTH KiJIb-
KICTb ajipec.

B Oaratbox Bumagkax, HampHUKIaJ 3 METOIO 3HIKEHHS Tpadika, uyu Juisl op-
ratizamii poOO4YMX rpym, NPOSBIAETHCS HEOOXIMHICTh PO3OUTTA Ha migMepexi ado
CErMEHTH. 3MIMCHIOETHCS TaKe PO30MTTS 3a JOMOMOTOI0 Macok miaMepex. Lle mpus-
BOJUTH JI0 3HIXKEHHS KIJIbKOCTI BY3JIiB B MEPEXIi, @ TAKOXK CIIPOLIYE aIpecaliio MixK
HUMU 32 PaXyHOK CKOPOUYEHHS KUIBKOCTI OIT, 110 3aJIMIIAIOTHCS JJIs1 BUSHAYEHHS -
pecH XocTa.

J1oJaTKOBO KOMII'FOTEP Ma€ 3HAaTH, CKiabku OIiT BimBeaeno mis SubNetlD Ta
HostID. Came 3a 101TOMOT0r0 Macki € MOXJIMBICTh BKa3aTH PO3MIip KX MOjdiB. Mac-
Ka - 32-po3psIHE YHCIIO, 1110 Mae OiTH, ski BiamosigaoTh mojsiM NetlD ta SubNetID,
piBHi 1, a 6iTu g1 HostID piBni 0. Anpeca miaMepeki BU3BHAYAETHCS MIISIXOM JIOT14-
HOT'O MHOKEHHS:

<Aopeca niomepeanci> = <IP-adpeca & macxka>

Posrnsnemo cermenrariito mepex IP wa mpuknami mepexi kimacy C. Op-
ra”izaifisi mMepex B I[bOMY BHUIIAJIKy BUKOHYETHCS 32 JOMOMOT'OI0 “TIO3WYEHHS™ IS
aapecarlii Mepexi AeKiIbKOX OIT 3 OCTaHHBOrO OKTeTa. KUIbKICTh MO3uUeHuX OIT 3a-
JICKUTH BIJl TOTPIOHOT KIJTBKOCTI MiAMEpexk abo BiJl OOMEXKEHHS HI0JI0 KiJIbKOCTI
BY3JIiB B MIAMEPEXI.

VY Bunaaxky po30OUTTS Ha JBI MiAMEPEkl BIIMOBIIHO BIAMOBIIHO MO3UYAIOTHCS
2 06itu, 3anumatoun 6 OIT s ajgpecanii xoctiB. Lli gBa 61T 3 OCTaHHBOTO OKTETa
OynyTh gomani g0 OiTiB, IO BUKOPUCTOBYIOThCS i aapecariii mepexi. [licte OiT,
0 3aJUIIUIIUCh, JJO3BOJISIIOTH KOXHIM 3 JBOX MiAMEPEX MNIATpUMYBaTH 62
yHIKaIbHUX aapecu (64 agpecu B MDKMEpPEXKi, aje Iepiia 1 OCTaHHS BUIUIEHI Ha
aJpecy Mepexi 1 axapecy OpoakacTy BIAMOBIAHO), a Macka MiAMEepexi, 1o
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BUKOPUCTOBYETHCH, oyne BUTJISAATH SIK 255. 255.
255.192(11111111.111112121.112111111.11000000).

Jna opranizamii mMeECTH MiAMEpex MOTPiOHO BUKOPHUCTOBYBATH TpHU OITH, IIO
0o0OMEXye KITbKICTh BY3JIB B KOXHIH Mepexi A0 TPUIALSTA 1 3 MAaCKOIO
255.255.255.224 (11111111.1112111211.11111111.11100000)

Jlerko 3ayBa)KuTH, 110 pO3OUTTS Ha OUTBIITY KUIBKICTh MiAMEPEX MPHU3BENE J0
PI3KOT0 3HUKEHHS KiJIbKOCTI JOCTYITHUX aJpec B MiIMEPEKI.

Hocute 4acTo BUKOPHUCTOBYIOTh 3aIuc aapecarii BULY
XX XX XXXXXXXX.0/Y

Uwucno, mo cToiTh 3a ApoOOM, BU3HAYAE KIJIBKICTh OIT, MO3WYCHUX JIJIsI BH3HA-
YEHHS aJpecu MEpexi, IO J03BOJISIE BIAMOBUTHUCH BiJl CTaHAApTHOI (hOPMHU 3amucy.
Takum unHOM, anpeca kjacy C 204. 251. 122.0 3 mackoro 255.255.255.224 moxe 0y-
TH 3anucana sk 204.251.122.0/27, mo o3Havyae BUKopUcTaHHs 27 3 32 agpecHuUx OIT
JUI BU3HAUYEHHS a/IpeCu MEPEXKi, 3aJUIIaloul peuITy aJpecHOro IpocTopy AJs Ipu-
3HAYEHHS aJPEC XOCTaAM.

Lle uucno HazuBaroth HoMepoMm CIDR (Classless InterDomain Routing)

Macka TakoX 4acTO 3alUCY€ThCs y IIICTHAAUATKOBIN (popMi, 0COOIUBO TO/I,
Koy mpuxoauThbest ManinmymoBatu SUDNetID 3 posmipom, He kpatHUM 8 Gitam. Bu-
HIeTTpUBEICHAa MacKa y IIICTHAAIATKOBIH Gopmi 3anmcyethes Tak: OXFFFFFFOO.

Matroum IP aapecy 1 macky, koM’ toTep Moxke BusHauutu 4u IP agpeca Bkasye:

- Ha KOMII'I0Tep KWW 3HAXOAUTHCS Ha MOro X MiMepexi;

- Ha KOMIT FOTep SIKUM 3HAXOIUTHCSA Ha 1HIINA MiAMEpexKi;

- Ha KOMII'I0Tep KWW 3HAXOAUTHCS Ha 1HIII Mepexi.

Hanpuknag agpeca komm’totepa 184.12.44.45 (xmac B), a iforo macka piBHa
255.255.255.0 (To6to st SubNetID Bumisieno 8 6iT). Skio koM 0Tepy He0OXiTHO
nepeaaT iHdopmaliio, Ipu3HavYeHy s 1HIIoro koMmmn 'rorepa, IP-aapeca skoro pis-
Ha: 184.12.80.2, To komm’toTep Moxke Bu3HauuTu 1o ix NetlD ogmakosi, a oT Sub-
NetID pizHi (44 = 80).

- anpeca 184.12.44.50, To KOMIT'IOTE€p MOKE BU3AUMTH, 1110 BOHU HAJIEXKATh SIK
JI0 OJIHOI Mepexi, Tak 1 10 oxHol miamepexi, ockiabku ix NetlD Tta SubNetlD oxna-
KOBI;

- axapeca 192.168.0.3 (anpeca xnacy C) - ockinbku NetlD pi3Hi, To moganbIri
YTOUYHEHHS HE TPOBOSITHCA.

[li mopiBHAHHSA HEOOX1HI HAIPHUKIIAI JJIs TOTO 1100 MOKHA OYyJI0 BU3HAYMTH-
Csl, Y KOMII FOTE€p IMOBUHEH MOCHUJIATH MAaKEeTH N0 MPU3HAYEHHS MPSMO Ha MEPEXY
(mamepexy), 10 AKoi BiH Oe3nocepeIHOl '€ AHAHUN, YU A0 MapIIpyTU3aTopa, SIKUi
aCOIIIOETHCS 3 HEOOX1THUM HaIMPSIMKOM.

2.1.5 Opranizauisa nigmMepe:x

Cawm Internet He 6auuTh opranizaii maMepex, Tak MO OpraHizaiis MmiIMepex
BIJIOMAa 1 pO3MI3HAETHCS TUIBKHU JIOKAJIIBHO BCEPEAMHI 3araibHoi Mepexi. OnHak Oyny-
Yy OJIMH pa3 yTBOPEHA, KOXKHA MiMepexa JIOKaIbHO JI€ sIK OKpeMa Mepexka, 1 KoMy-
HIKaIllsl MDK TIJAMEpPEe)aMHU BHMAarae TOro X, IO ¥ KOMYHIKAIlld MDK MEpeXamu.
KoMmmn'toTepu B pi3HUX MiAMEpeXax HE MOXYThb OAUUTH OJUH OIHOTrO, JOKU HE Ie-
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pendbadeHo chemianbHOTO cmocody mimsa mporo. OueBumHo, 1mo 16777214 anpec
CTaHII Mepexi kiaacy A He3pydHi JJIi BUKOPUCTaHHS, 5K 1 65534 anpec kiacy B.
3BHYAiHO HEMOJKJIMBO BHUKOPUCTATH TAaKUM PO3MIpP MEPEXi, OJTHAK ICHY€ MPOCTUH
cnoci® opraHizaiii miaMepex B Mmepexax kiaciB A 1 B: miamepex kiacy A y BUrisai
eKBIBaJICHTHUX Mepex Kiacy B 1 migmepex kiacy B y exBiBaneHTH1 Mepexi kiacy C.
3ayBaXMMO III€ pa3, M0 OpraHi3aiis MAMEpPeX € TUIbKH BHYTPIIIHbOIO, a 30BHI Me-
pexa kiacy A 3aBXKIU 3aIUIIAETHCS TAKOO.

Bukopucraemo s mpukiany Mepexy kimacy C 1 posrisiHemo, K MOKHa
yTBOpHUTH TigMepexy. Hexalt mepexesa anpeca € 192.168.255.0 1 MmepexeBa Macka
11 Hel € 255.255.255.0. Maemo 8 O1TiB 111 agpec CTaHIIH, 10 J1a€ MOXKIMBUX 254
anpecu. Haramaemo, mo agpecu craHiiii 3 ycimMa JIBIMKOBUMHU OJUHULSAMH (TOOTO
255) abo 3 ycimoma HyssiMu (TooTo () HE MOXKHA 3acTOCOBYBaTH. J[JI1 Macku MOXKHA
NPU3HAYNTH OyIb-sIKi 3 OITiB, 3ape3epBOBAHUX B MepekeBil aapeci kmacy C s
cranIii, TooTo Bijg 1 10 6 OITIB, OJJHAK HE MO>KHA BKMBATH 7 OITIB, 00 11 O3HAYATHME
0 cranmii. 3ayBakxumo, 1o nepiii Tpu 255.255.255 He 3MmiHIOIOTHCA. [00poro mpak-
TUKOIO MIPU OpraHi3allii niaMepex € BUALICHHS OITIB y MEPEXEB1 Maclll HEEPEPBHO
37iBa HampaBo. Lle He BUMora, oJJHaK BIPOBAHKEHHS 1HIIINX BapiaHTIB HE A€ T00PUX
pe3yabTatiB. Bukopucrtanus 2 ta 3 aapecHux OIT JJ1s YTBOPEHHS MiAMEpEX HaBeIeHl
B Ta0ymsx 2.4-2.5.

Tabmums 2.4 —BukopucTtanHs 2 agpecHUX OIT IS yTBOPEHHS T Mepex

2 6iTn MepexxeBa Macka
255.255.255.192

AJlpecH CTaHIIii

nigmepexa 0: (00); Bix 192.168.255.1 no 192.168.255.62

nigmepexa 1: (01);

Big 192.168.255.65 no 192.168.255.126

migmepexa 2: (10),

Big 192.168.255.129 no 192.168.255.190

nigmepexa 3: (11),

Bi1 192.168.255.193 no 192.168.255.254

Ockinpku 'y aBidikoBii ¢opmi 192,,=(1100 0000),, To me 3abesmneuye 4
MiIMEPEKi, KOXKHA 3 62 CTaHIIISIMH.

Tabnuus 2.5 — BukopuctanHs 3 agpecHuX OIT 111 YTBOPEHHS MiIMEPEK

3 6itu MepexeBa Mmacka Anpecu craHmini

255.255.255.224

nigmepexa 0: (000),

B 192.168.255.1 1o 192.168.255.30

migmepexa 1: (001),

B1J 192.168.255.33 10 192.168.255.62

nigmepexa 2: (010),

Big 192.168.255.65 no 192.168.255.94

migmepexa 3: (011),

Big 192.168.255.97 no 192.168.255.126

nigmepexa 4: (100),

Big 192.168.255.129 no 192.168.255.158

nigmepexa 5: (101),

Big 192.168.255.161 no 192.168.255.190

nigmepexa 6: (110),

Big 192.168.255.193 no 192.168.255.222

nigmepexa 7: (111),

Big 192.168.255.225 no 192.168.255.254




16

Ockinbku y nBidikoBiit Gopmi 224,,=(1110 0000),, To e 3abe3neuye 8 miame-
pex, kokHa 3 30 cTaHIiIMHU.
[ToaiOHUM YHHOM MOKHA OTPUMATH JIialla30Hu aJpec ISl MEPEKEBUX M acOK:

- 4 6iTH MepexeBa macka 255.255.255.240 3 16 nigmepexxamu no 14 cra-
HIIN y KOXKHIN;

- 50itiB MepexeBa macka 255.255.255.248 3 32 minmepekamu 1o 6 cTaH-
A y KOXKHIN;

- 6 0iTiB MepexeBa macka 255.255.255.252 3 64 niamepexxaMu 1o 2 cTaH-

i1 y KOXKHIH.

[Tepmi 24 61tu B IP-agpeci MoxHa irHopyBaTu (y HallIOMY MPUKIAIL 1€ JeCAT-
koBe 192.168.255), OCKIJIbKM BOHHM BIJHOCATHCS 10 0a30BOi MeEpexi, B SAKIA Op-
ra”izyroThcsa miamepexi. [Ipu BukopucTaHHI JBOOITOBOI MEPEKEBOI MACKW IS
nigMepexi 0 6aunmo, 10 ocTaHHI 8 O1TIB 3aBX AU MoynHaroThes Bijl 00g, 1110 03HaAYaE
iX JecaTKOBUH ekBiBaJIeHT B iHTepBai Big 0 10 63. OcKiNbKH BC1 HYIMI Ta BCl OAMHUIII
B aJIpeci CTaHIlli He MOXKHAa BUKOPUCTOBYBATH, TO 11€ BUKJIIOYAE 13 BXKUTKY 0 1 63, Tak
10 3aJUIIAOTHC uKcia Bix 1 go 62. Jlng migmepexi 2 mepiri ABa O1TH OCTaHHLOTO
OKTETYy aJpecu JuId BCIX CTaHUIA miaMepexi 3aBxau piBHI 10g, Tak 1o HasBHI
KOMO1HaIIll pelIT mecTu O1TIB at0Th JAecATKOBI yucia Bia 128 mo 191. Bukmmtouato-
YW BXKMBAaHHS BCIX HYJIIB Ta BCIX OJMHUIIb B aJipecax CTaHIIN, OTPUMY€EMO MPUHHATHI
yucna Bi 129 no 190, mo 3HOBY 3a0e3neuye 62 craniii. AHAJIOTTYHO MOKHA IO C-
HUTH OTPUMaHI1 J1arma3oHu aApec IJis IHIIUX MEPEKEBUX MACOK.

2.2 Marepianu 1Ji1 BUKOHAHHHS po00TH
2.2.1 llpoBeneHHs pO3PAXYHKIB JJisl BU3HAYEHHSA ajJpec Ta MAaCKU Mepe:xKi

BizemeMmo 6a3oBy agpecy mepexi 10.1.0.0, KUIbKICTh Mg Mepex: 7, KUIbKICTh
po6oYuX cTaHIli: 55.

Tabnuis 2.6 — Po3paxyHok ip-aapec

ITouatkoBa | Kinmena
Homep migme- | Anpeca mepexi | IllupoxoBicHa aj- aapeca aapeca
pexi peca XOCTIB XOCTIB
0 10.1.0.0 10.1.0.63 10.1.0.2 10.1.0.57
1 10.1.0.64 10.1.0.127 10.1.0.66 |10.1.0.121
2 10.1.0.128 10.1.0.191 10.1.0.130 | 10.1.0.185
3 10.1.0.192 10.1.0.255 10.1.0.194 | 10.1.0.249
4 10.1.1.0 10.1.1.63 10.1.1.2 10.1.1.57
5 10.1.1.64 10.1.1.127 10.1.1.66 |10.1.1.121
6 10.1.1.128 10.1.1.191 10.1.1.130 | 10.1.1.185
Macka
1JIMEPEKi
255.255.255.192

Anpeca 10.1.0.1 — aapeca gateway B mepmriit migmepexi (10.1.0.0 - agpeca
nigMepexi). AHaJOTIYHO B KOXHIM TMiaMepexi 3HadyeHHs ajpecu gateway Oyne




17

HACTYIHUM Ticis aapecy miaMmepexi. CTBOpeHa MoJiesib Mepexi 300pakeHa Ha pu-
CyHKy 2.1.

2.2.2 Monejb Mepe:Ki i HaJ1aroJskeHHsI cBiua

Logical LRoot] New Cluster Move Object Set Tiled Background Viewport
At -——) &
Switchs.2 PC-PT
= PC6.56 L
== 2950-24 r N o
Switch6.1 PC-PT =
PC6.2 n =
—e_c
2960-24" x
Switchs.0
Server-PT ]
Servers
. "
-~
~a .
~ ~—
N e S T i
== — e 25f0-2417 20f0-20 N = 295p-24 %'/
= .0 Sufitcha.1 2950~ o4 Switghs.1
A i“ﬂ 20f0-24 20gh-22 witchd.0 owitthaz 295pT-24
itch2.0 S 801001 coitbio o Swifhs.0
g g erver-FT PC-PT PC-PT ' Q‘
“pepr “pC-PT erverd. PC4.2 £C4.56 PC-PT

Pucynok 2.1 -Monens Mepexi

Jlnst cTBopeHHs mTigMmepex Tpeba 3aditu y 3akianky «Configy cBiua Ta
CTBOPHUTH J0JaTH HeoOXiaHy KuibkicTh migmepex («VLAN Databasey), Bka3aBmiu B
nosie VLAN Number Homep Mepexi, mounnarouu 3 2 (1i — 3apesepBoBano), VLAN
Name — iM’s Mmepexi (pucyHok 2.2).

Switch?

.- ..:..El.g

Config | CL[|

Physical

GLOBAL L
[ swmar

VLAN Configuration

VLAN Mumber

VLAMN MName

[ Add ] [Remove]

INTERFACE

VLAN Mo VLAN Name
default
WLANZ
WLANZ
WVLANS
WLANS
WVLANG

VLANT

=N R WM e

»

m

FastEthernet0,/9

Equivalent 105 Commands

Switchiconfig) §interface FastEthernetl/1 -
Switch{config-ifl# e
Switch(config-if) fexit |_|

Switch{config) -

Pucynok 2.2 — CKpHUHIIIOT CTBOPEHHS MiAMEpexX B 0asi

Ha xoHuii 3 MOpTiB EHTAILHOTO cBiua BcTaHOBUTH HeoOxigHy VLAN (pu-
CYHOK 2.3).
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[ onysica | confg |

GLOBAL -
Settings

FastEthernet0/1

Algorithm Settings
SWITCH

Port Status

[¥] on

VLAN Database
INTERFACE
FastEthernet0/1

Bandwidth
10 Mbps

@ 100 Mbps

Auto

FastEthernetd/2
FastEthernet0/3
FastEthernet0/4

FastEthernet0/s
FastEthernetd/6

Duplex

@ Full Duple

X

Half Duplex

Auto

Ac

cess

] vian |2

g

FastEthernetd/7
FastEthernetd/8
FastEthernet0/g

Tx Ring Limit

Equivalent 10§ Commands

Switchiconfig)#

Switch{config-if)f

Switchi{config-if)fexit

Switchi{config) #interface FastEthernetl/1

Pucynok 2.3 — CKpUHIIOT HaJaIITYBAaHHs MOPTIB AJIS MiIMEPEK

Csiu cknanaetses 3 24 noprtiB. Tpeba mijx’eqHaTH 55 XOCTIB OJIHI€T BipTyalb-
HO1 Mepexi 10 Hboro. OTKe, BAKOPUCTOBYEThCSA 3 TOAATKOBUX CBIYa, K1 M7’ €aHAHI
JI0 TIEHTPAJILHOTO CBiYa, a Ha MOpTaxX IEHTPAJbLHOTO CBIYa BKA3YEThCS BiAMOBITHUN

OJIHAKOBUU HOMEp MiIMEPEKI.

Bcei nmigkimtoueni noptu cBiva OyayTe MaTu 3HaueHHs «UP» npu HaBeneHH1 Ha

CBIY KypcopoM (pUCYHOK 2.4).

#® Cisco Packet Tracer - DAUNIVERSI
File FEdt Optons View Tools Extensions Help

AR

Logical [Roat]
)

New Cluster  Move Object Set Tiled Background Viewport

Server-PT
Serverd

Server-FT
Serverl

=
Server-PT  “oepr

2950-24 =,
Switchs.2 PC-PT
PCE.56

G

<

Time: 00:09:58 | Power Cycle Devices

e WO [
[ comeeroms |-

GigabitEthernetl/2
Vlani
Hostname: Switch

&

&
T A R A R O A A

=
g
3
i

i
8
@
bl
8
v

Physical Locetion: Imtercity, Home City, Corporate Office,
T

_y
BC-FT
PCE.2

erver-PT
Servers

m

 [©
Realtime

Wiring Closet cve Bl

= s = [
Copper Straight-Through

<1

New Delete | gy ..
" | | Toggle PDU List Window

Servers Server2 cMe

tion Type Color Time (sec) Periodic Num

0.000
0.000

N 0
N 1

I

| »

Pucynoxk 2.4 — CKpUHIIIOT HaJaroPKEHOro cBivya

2.2.3 AHaJji3 i TecTyBaHHS Mepexi

- BignmpaBiieHHs makeTiB Ha poOoYil CTaHI, SKi 3HaXOASATHCA B OAHIN BIpTya-

JBHIN Mepexi (PHCYHOK 2.5).
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Fire Last Status
@
@
@

Successful
Successful
Successful

Successful

Pucynok 2.5 — CkpuHIIOT NepeBIpKH Mepeaayil MakeTiB B OAHIN BIpTyalibHIN

- BinnpasieHHs makeTiB Ha poOoUl CTaHIlli, SKi 3HAXOASITHCSA B PI3HUX BIpTya-

Destination

PCB.56

Source
PCa.2
Serverb PChb.2
PCl.56 PCl1.2
Serverl PCl1.2

JBHUX Mepexax (PUCYHOK 2.6).

Type Color Time (sec)
icve | 0.000
ICMP 0.000
icve | 0.000
icve I 0.000

Mepexi

Periodic Num Edit Delete
M 0 (edit) (delete)
M 1 (edit) (delete)
M b (edit) (delete)
M 3 (edit) (delete)

Fire
L
L
L
L

Failed
Failed
Failed
Failed

Last Status

Source Destination
Serverd
FC3.536

PC3.2

Serverb
5.2
PiC2.56

PC1.56 PC6.56

Type Color Time (sec)
1CMP 0.000
ICMP 0.000
icve | o000
icve | o000

Periodic Num Edit Delete
M 1] (edit) (delete)
N 1 (edit) (delete)
N 2 {edit) (delete)
N 3 (edit] (delete)

Pucynok 2.6 — CkpuHIIOT MepeBIpKH Mepeaadi MakeTiB B Pi3HI BipTyaabHI

2.3 3aBaanusa

1. CrBopuTH MOJEIL MEPEXI IO CKIANAEThCs 3 X MiAMepex 1 Y poOodunx
cranuii. BukopucroBana aapeca Mepexi, X 1 Y 3riJIHO 3 BapiaHTOM 3aBAaHHs (Tal-

Mepexi

g 2.7).
Tabnuus 2.7 —BapianTtu 3aBnasb
Homep Bapianrta bazoBa anpeca X KITBKICTh Y KUIBKICTh
Mepexi miaMepex poOOYMX CTAHITIN
1 192.168.0.0 7 60
2 172.16.0.0 9 40
3 172.17.0.0 8 35
4 172.18.0.0 11 25
5 172.19.0.0 10 30
6 10.1.0.0 7 55
7 10.2.0.0 8 12
8 10.3.0.0 9 20
9 10.4.0.0 10 15
10 10.5.0.0 11 85
11 10.6.0.0 67
12 10.7.0.0 8 16




20

2. Jlisa koxHOI maMepexi ctBoputu cBiit VLAN.

3. Po3paxyBaru macky migMepexi, I peatizaiii noTpiOHOT KIIBKOCTI M-
PEX.

4. Po3paxyBaru aJipecu MepexKi, LIMPOKOMOBHY aJIpecy 1 aJpecu XOCTIB 3T1JIHO
3 BapiaHTOM 3aBlanHa. Hagatu pe3ynbraTtu po3paxyHKy y BUTIIAII Tabauii 2.8,

Tabmuns 2.8 — Pesynbratu po3paxynky IP-aapec.

Homep Anpec mepexi | [llupokosicua | IlouaTkoBa Kinnena
MiaMepexi aapeca ajipeca XOCTIB | aJipeca XOCTIB

5. V¥ Packet Tracer 5.0 ctBoputu mozaens LAN, gka ckiagaeTbcs 3 MOTPIOHOT
KUIBKOCTI i Mepexk. KimbKicTh poOOUYMX CTaHLIN B KOXHIM MiIMEpex 1 MOJIeNl BU-
3HAYA€ETHCSl MOYATKOBOIO 1 KIHIIEBOIO aJpecor0. TakuM YMHOM B KOXKHIN MiAMEpexi
Oyzae 2 poboui cranuii, [P-agpecu sikux OyayTh MOYaTKOBUM 1 KIHIIEBI aJIpECH XOCT1B
JUTS TT1€T T IMEepexi.

6. 3'eqnatn HeoOxigHe uncio cBiviB Cisco Catalyst 2960 mix co0oro 1 miaK-
JIFOYUTHU JI0 HUX poOOYi CTAHIIi.

7. OOG'ennatu poboui cTaHiii 1 cepBepa B pi3HI BipTyaibHI MEpexi, HOMep Bip-
TyaJIbHOI MEPEX1 BCTAHOBUTH IO TOPAJIKY.

8. CkpiHIIOT MOJIEJ MEPEeXKi 1 HaJaIlITyBaHb CBiua HAaJaTH B 3BITI.

9. AHami3 1 TeCTyBaHHS MEPEXKI :

- BIAMPABUTH MaKeTU HAa poOOYl CTaHIIii, 110 3HAXOATHCS B OJH 1M BIpTyaabHIN
Mepexi. BimoOpasutu pe3ynbTaT B 3BITi,

- BUAMNpaBUTH MaKeTH Ha poOOdYl CTaHlli, IO 3HaXOAAThCS B PI3HUX
BIpTyaJbHUX Mepexax. Bimobpa3uTu pe3yabTaTu B 3BITi.

2.4 KoHTpPOJIbHI NUTAHHSA

[Ilo Take VLAN? I[Ipusnauenns VLAN?

Sk peanizoBannit VLAN Ha piBHi npoTtokony Ethernet?

[Ilo Take Macka MiJIMEpeKi, Ha 1110 BOHA BILIUBAE?

[IIo Take ampeca mepexi? Sk BUTIIAMAE aipeca Mepeki Ha 61TOBOMY PiBHi?
[Io Take mupokoMoBHa afpeca? Sk BoHa BUTJIsAa€e HA GITOBOMY PiBHI?
J171s1 40ro BUKOPUCTOBYETHCA?

Sk 3aMIeKUTh KITBKICTh POOOUYUX CTAHIIIM B MEpEX1 Bl Macku?

SAxkoro komanor0 npuzHavaeTbest VLAN Ha nmopt komyTtatopa?

Ax npornsinytu cnucok VLAN?

Sk mporasHyTH HaJAITyBaHHS MTOPTY?

10 Sk NorasiHyTH BC1 HaJAIITyBaHHS KoMyTaTtopa?

A .

© oo
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3 JABOPATOPHA PABOTA Ne 3
JIOKAJIBHI MEPEXI. POBOTA 3 VLAN I MAPIIPYTHU3ATOPOM

MeTta po0OTH. BUBYMTH Ha MPAKTUIIl OCHOBHM MapUIpyTH3allli Ha MPUKIIAIl
mapmpyTu3amii  BipryambHux Mepexxk (VLAN). BukopucToByroun HaBUYKH, OTPH-
MaHi B MOMepeIHiX JabopaTopHUX poOOTax, CTBOPUTU MEPEXKY, 10 CKIIATY SAKOI BXO-
JUTUMYTh JI€K1JIbKa BIPTYaJlbHUX MEPEX 1 MapUIpyTU3aTop, 110 3a0e3neuye 3B'SI30K
MDK BIpTyaJdbHUMHM MEpPEKaMH 1, 10 HAJAalOTh BHUX1J 3 BIPTYaJIbHUX MIJIMEPEXK B
30BHILIHIO MEPEKY.

3.1 Teoperuuni BitomocTi

MapuipytuzaTtop — MEpeXeBUM MPUCTPIH, IO NMepecuiiae MaKkeTH AaHUX MK
PI3BHUMH CerMeHTaMu Mepexi 1 mpuilMae pimieHHs Ha miAcTaBl iHopMmamii mpo
TOMOJIOTII0 MEPEXKi 1 MEBHUX MPABUII, 3aIaHUX AJIMIHICTPATOPOM.

3a3BrUyail MapuIpyTU3aTOp BUKOPUCTOBYE apecy oJep)KyBaua, BKazaHy B Ia-
KeTax JJaHuX, 1 BU3HAYa€ MO TaOIUIl MapIIPyTU3AIli MUISIX, IO SKOMY CIIiJI IEpeIaTH
naHi. Skmo B Tabauil MapuIpyTu3aii AJisi aipecu HeMae OMMCaHoro Mapupyry, na-
KET B1JKUJIA€ThCSI.

[cHY!OTB 1 1HII CITOCOOM BU3HAUCHHS MAapIIPYTY MEPECHIJIKU ITaKEeTiB, KOJH,
HAPUKJIaJl, BUKOPUCTOBYETHCS ajpeca BIAMPAaBHUKA, BUKOPUCTOBYBaHI MPOTOKOJH
BEPXHIX PiBHIB 1 1HIIa 1H(OpMAaLlis, 110 MICTUTHCS B 3ar0JIOBKaX MaKeTIB MEPEkKEBOT0
piBHs. YacTo MapuipyTU3aToOpy MOKYTh 3A1HCHIOBATH TPAHCIIALIIO apec BIMPaBHHU-
Ka 1 ofepxyBaya, GUIbTPALIiI0 TPAH3UTHOI'O MTOTOKY JaHWX Ha OCHOBI NIEBHUX MPABHUJI
3 METOK OOMEXKEHHS JIOCTYIY, U PPYBaHHs/ AU PPOBKA TaHUX, 1110 IE€PEIAIOThCS.

Tabnuus MapuipyTuzanii MICTUTh 1H(QOpMaIlil0, HA OCHOBI SIKOT MapIIpyTH3a-
TOp NMpUMAaE BUPIILIEHHS PO MOJAJbINY MEPECHIIKY NaKkeTiB. TaOauIls CKiIagaeTbes 3
JESIKOro Yucia 3alKciB — MaplIpyTiB, B KOXKHINA 3 SKUX MICTUTBCS aJipeca Mepexi
oJIep)KyBaua, aJipeca HaCTYMHOTO By3J1a, AKOMY CIIiJ] IepeaBaTH MaKeTH 1 IeIKy Bary
3aIucy, — METpHKA.

Metpuku 3anuciB B TaOJdMIll BiAIrpalOTh pOjidb B OOYMCIEHHI HANKOPOTIIHMX
MapIIpyTiB J0 PI3HUX OJAEP>KYBadiB. 3aJIe’KHO BiJ MOJEN MapuIpyTHU3aTopa 1 BUKO-
PUCTOBYBAHHMX IMPOTOKOJIB MaplIpyTU3allli, B TaOIULl MOXE MICTUTHUCS JIesiKa J10-
JaTKOBA CIy)k00Ba 1H(OpMaIis.

Tabnuis MapmpyTr3allii MoXe CKJIaJaTUCs JBOMa CIIOCO0aMu:

- CTaTMYHA MAapUIPyTH3allisl - KOJIW 3alydCH B TaOJMII BBOIATHCA 1
3MIHIOIOThCS Bpy4yHy. Takuil cmoci®O BUMarae BTpy4aHHs aaMIiHICTpaTopa KO>KHOIO
pa3y, Kojiu BiI0yBarOThCS 3MiHU B TOIOJIOTIT Mepexi. 3 iHIOro 00Ky, BiH € HAHOUIBII
CcTaOlIbHUM 1 BUMAaraluuM MIiHIMyMY amapaTHUX PECypCiB MapuipyTusaropa s
0o0cITyroByBaHHS TaOJUIII.

- JIUMHAMIYHa MapUIpyTU3alis - KOJM 3alich B TaONWIlI OHOBIIOIOTHCA
aBTOMAaTUYHO 3a JIONMOMOTOK OJHOr0 ab0 JIEKIJIbKOX MPOTOKOJIB MapmIpyTH3aIii -
RIP, OSPF, IGRP, EIGRP, IS-IS, BGP, i in. Kpim Toro, mapuipyruzarop 0ymnye
TaOJIMITI0 ONTUMATBHUX IUIAXIB O MEPEX MPU3HAUCHHS HA OCHOBI PI3HUX KPUTEPIiB:
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KUIBKOCTI TMPOMDKHUX BY3JIB,
nepeaadi J1aHuX.

Kputepii oOuucieHHss ONTUMaJIbHUX MAapUIPYTIB HaWyacTille 3ajiexaTb BiJ
MPOTOKOJIy MaplIpyTH3allli, a TaKOXK 3aJar0ThCsl KOH(Irypamiero MapuipyTuzaTopa.
Takuii coci6 moOymoBU TaOIMIN T03BOJISIE ABTOMATUYHO TPUMATH TaOJIUIIO MapIIl-
pyTH3alli B aKTyaJbHOMY CTaHi 1 OOYMCIIOBATH ONTHUMalbHI MapIIpyTH HA OCHOBI
NOTOYHOI TomoJorii Mepexi. [Ipore nuHaMiuHa MaplIpyTH3allis HaJae A0IaTKOBE
HABAHTA)XXEHHS Ha MPUCTPOI, a BUCOKA HECTAOLIBHICTh MEPEkKI MOKE MPUBOAUTH 10
CUTYyaIlil, KOJIM MapHIpyTU3aTOPU HE BCTHTAIOTh CHHXPOHI3yBaTH CBOI TaOJIHII, 110
MPUBOAUTH JI0 CYNEPEWIMBUX BIJOMOCTEHN MPO TOMOJIOTII0 MEpEXkl B PI3HUX 11 YacTHU-
Hax 1 BTpaTi JaHUX, 1110 IepeaatoThCsl.

Haituacrime ms moOynoBu TabMih MapiipyTu3ailii BAKOPUCTOBYIOTh TEOPIIO

rpadis.

MPOIMYCKHOI CIIPOMOXKHOCTI KaHalliB, 3aTPUMKH

3.2 Marepianu 1Ji1 BUKOHAHHSA po00TH
3.2.1 Po3aisieHHst Mepexi Ha migMepeKi

Bizememo 06a3zoBy anpecy mnepmoi Mepexi 10.1.0.0, kinbkicTe poOoYux
cTaHIliit: 55, 6a3oBy anpecy apyroi mepexi: 10.1.0.64 (Tabmurs 3.1).

Tabmuus 3.1 — Po3paxyHok ip-anpec a1 Mepex

Homep nigmepexi | Aapeca mepexi | IllupokoBicHa ITouaTkoBa Kinnena anpeca
aapeca ajipeca XOoCTiB XOCTIB
1 10.1.0.0 10.1.0.63 10.1.0.2 10.1.0.57
2 10.1.0.64 10.1.0.127 10.1.0.66 10.1.0.121

Macka nigmepexi

255.255.255.192

3.2.2 Moneab Mepexi i HaJlaro:keHHs CBiYa Ta MapuipyTu3aropa

CtBOpeHa MoJielTb MepeKi 300pakeHa Ha pucyHKy 3.1.

s
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Pucynok 3.1 -Monens Mepexi
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Jnst crBopeHHs migMmepex Tpeda 3aitu y 3aknaaky «Config» cpiua Ta
CTBOPHUTH J0JaTH HeoOXiaHy KiibkicTh miamepex («VLAN Databasey), Bkasasiiu B
nojie VLAN Number sHomep Mepesxki, mounnarouu 3 2 (1t — 3apesepBoBano), VLAN
Name — im’st Mepexi (prUCYHOK 3.2).

[ ysical |

GLOBAL = VLAN Configuration
Settings VLAN Number 2

Algorithm Settings

SWITCH VLAN Name VLANL

VLAN Database 3 [ Add ] [ Remove ]
INTERFACE
FastEthernet0/1
FastEthernet0/2
FastEthernetd/3
FastEthernet0/4
FastEthernetd/s
FastEthernet0/6
FastEthernet0/7
FastEthernet0/8
FastEthernetd/9

VLAN No  VLAN Name

1 default

2 VLAN1

3 V0LANZ
fddi-default
token-ring-default
fddinet-default
trnet-default

Equivalent 105 Commands

Switch (config)#no vlan &
Switch (config) #éno wvlan 7
Switch (config)#no vlan 8
Switch (config)

Pucynok 3.2 — CKpuHIIOT CTBOPEHHS MiAMEpPEx B 6a3i

Ha xoxxHu# 3 OPTIiB IIeHTpaJIbHOTO cBiua BcraHOBUTH HeoOxinmHy VLAN (pu-
CyHOK 3.3).

Physical | Config

GLOBAL B
Settings FastEthernet0/1

Algorithm Settings
SWITCH Port Status

VLAN Database |
INTERFACE
FastEtherneto/ 1 10 Mbps @ 100 Mbps
FastEthernet0/2.

FastEthernetd/3 Duplex Auto
FastEthernet0/4 @ Full Duplex Half Duplex
[ FastEtherneto/s
[ FestEthermato/e _ Access [o]] vian |2 E|
FastEthernet0/7
[ FastEthernet0/s Tx Ring Limit
[ FastEtherneto/s

Bandwidth Auto

Equivalent 105 Commands
Switch{config-if) #exic

Switchiconfigl#
Switch(config)#interface FastEthernet0/1
Switchiconfig-iflg

Pucynok 3.3 — CKpuHIIOT HajalITyBaHHs MOPTIB AJIA MIIMEPEK

[Migxmouenns VLAN1 Oyno 3aiticaeno no moprie FastEthernet0/1, FastEther-
net0/2, FastEthernet0/3; VLAN2 no mopry FastEthernet0/4.

Bcei nigkmtoueni noptu cBiva OyayTh MaTu 3HaueHHs «UP» npu HaBeneHHi Ha
CBIY KypcopoM (pucyHok 3.4).



Port Link IF Rddress MREC Rddress

FastEthernet0/1 Up — 000D _BDZD_ 8401
FastEthernet/2 op = 000D _BDZD.B402
FastEthernetd/3 Up — 000D.BDZD.58403
FastEthernetd/4 Up = 000D _BDZD_2404
FastEthernet0/5 Up = 000D _BDZD_8405
FastEthernetl/6 Down - 000D.BDZD. 84086
FastEthernetd/7T Down - 000D _BDZD_5407
FastEthernetd/8 Down == 000D _BDZD_2408
FastEthernetl/9 Down - 000D _BDZD_840%9

FastEthernetl/10 Down
FastEthernet0/11 Down
FastEthernet0/12 Down
FastEthernet0/13 Down
FastEthernetl/14 Down
FastEthernet0/15 Down
FastEthernet(/16 Down
FastEthernetl/17 Down
FastEthernet0/18 Down
FastEthernet(/13 Down
FastEthernet(/20 Down
FastEthernetl/21 Down
FastEthernet0/2ZZ Down
FastEthernet(/Z3 Down
FastEthernet0/24 Down
Vlanl Down
Hostname: Switch

= 000D.BD2D.58404
000D _BDZD._840B
— 000D_BDZD._840C
== 000D.BDZD.840D
— 000D.BDZD.840E
== 000D _BDZD._840F
= 000D _BDZD_8410
= 000D.BDZD.8411
== 000D _BDZD_5412
== 000D _BDZD_8413
== 000D _BDZD_8414
= 000D.BDZD.8415
== 000D _BDZD_B41&
== 000D _BDZD_8417
== 000D.BDZD.B418
<not Set> O0ED_BO42 _ET28

I—‘I—‘I—‘I—"I—‘I—‘I—"I—‘I—‘I—‘I—"I—‘I—‘I—"I—‘I—‘I—‘I—‘I—‘I—‘IL\JI\-HMME"
|
o
|
|

Pucynok 3.4 — CKpuHIIOT HaJarop)keHoro ciya

Jlo mopry FastEthernetO/5 cBiva HEOOXiIHO MIAKIOYUTA MapPUIIPYTH3ATOP 0
nopty FastEthernet0/1. /Iis mporo HeoOXigHO BHOpaTH THI MiAKIOYEHHS «Trunky»
Ha cBivi (pucyHok 3.5).

-
Physical | Config | CLI

GLOBAL |
Settings FastEthernet0/5
Algorithm Settings
SWITCH Port Status on
WLAN Database
INTERFACE
FastEthernet0/1 10 Mbps @ 100 Mbps
FastEthernet0/2 | |
[ FastEtherneto/3
[ FastEtherneto/4 @ Full Duplex Half Duplex
[ FastEthernet/5
FastEthernet/6 Trunk [] vian [1-1005 E]
FastEthernet0/7
FastEthernet0/8 Tx Ring Limit 10
FastEthernet0/9

m

Bandwidth Auto

Duplex Auto

Equivalent I0S Commands

Switch {config-if)#

Switch (config-if) fexit

Switch (config) f#interface FastZthernst0/S |
Switch (config-if)#

1] >

Pucynok 3.5 — CKpHHIIOT HaalTyBaHHS NOPTY JJIsl MapUIpyTHU3aTOpPa

[licna uporo ciin HajmamTyBatd Mapuipytuzarop. s uporo Tpeda 3ailTu y
3aknanky «CLI» mapuipyTuszaropa 1 BAKOHATH TaKi KOMaH/IH :
- BkirwueHHs poyrepa:

Router>enable
- KomaHga nis HajtalmTyBaHHS:

Router#configure terminal
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- Bubip mopry, skuii 0yne HamamroByBatuch (0/1 — mopT MapuipyTu3aropa;
udpa mcis Kparnky — e HoOMep MopTy CBiva):

Router(config-subif)#interface fastEthernet 0/1.1
- Bceranosnenns Homepy VLAN (micia Dot1Q Bkasyetbest Homep VLAN):
Router(config-subif)#encapsulation Dot1Q 2
- BcranoBnenHs Ip aapecu (Ip aapeca TeHTBEIO 1 MackKa ImiIMeperxi):

Router(config-subif)#ip address 10.1.0.62 255.255.255.192

TakuM 4yuHOM CITiJl HaJamTyBaTu MapiipyTusatop 1is Bcix VLAN, B 3amex-
HOCTI B1J] TOTO JIO SIKOT'O 3 TTOPTIB CBIYa BOHU II1]1’€THAHI.
Hanamrynku poyrepa 300paxeHo Ha pUcCyHKy 3.6.

Port Link VLEN IP Address IPve Address MAC Address
FastEthernetl/0 Down = <not setr <not setr 0000_0CB1.D501
FastEthernet0/1 Up — <not set> <not set> 0000.0CBl1.D502
FastEthernet0/1.1 Up == 10.1.0.82/2% <not set> 0000.0CB1.D502
FastEthernet0/1.Z Up — <not gset> <not get> 0000.0CBl1.D502
FastEthernetl/1_3 e — <not set> <not gSet> Q000 .0CB1.D502
FastEthernetl/1_4 Up == 10.1.0.12&8/26 <not Set> 0000 _0CB1 D502
Vlanl Down 1 <not sSetr <not sSetr 0040_0B12 _3CDE
Hostname: Router
Physical Location: Intercity, Home City, Corporate Office, Wiring Closet

o x| F

Pucynok 3.6 — CKpHHIIIOT HaJIaroJKEHOr0 poyTepa

Jl1s cTBOpEHHS 30BHIIIHBOI MEpeXi HEOOXIAHO 10 1HIIOrO MOPTY MapIIpyTH-
3aropa (FastEthernet0/0) migkmrounT iHIMME KomyTaTop o mopty FastEthernetO/1.
Tako 10 bOTO CBiva IMiJI’€HATH CepBep 3 IP aApPECOr0 TeUTBEIO 1 MAaCKOK (HaIpH-

knam, 192.168.10.1 255.255.255.0).
HanamroByBaru poytep 115 30BHIITHBOT MEpPEeXi CIIiJi TAKUMH KOMaHIaMH:

Router>enable
Router#configure terminal
Router(config-subif)#interface fastEthernet 0/0

Router(config-subif)#ip address 192.168.10.1 255.255.255.0

Hanmamrynku poyrepa 3 nBoma VIAN i 30BHIITHBOK MEPEXKEIO 300paKeHO Ha
pUCYHKY 3.6.

Port Link VLAN ID Rddress ID0ve Rddress MAC Rddress
FastEthernet0/0 Up = 192.168.10.1/24 <not et 0000.0CB1.D501
FastEthernetl/1 Up = <not setr <not setr 0000 _0CB1 D502
FastEthernet0/1.1 Up == 10.1.0.62/Z6 <not set¥r 0000 _0CB1.D502
FagtEthernet0/1_2 Up - <not set> <not set> 0000 _0CB1 D502
FastEthernetl/1.3 Up = <not set> <not et 0000 .0CBl1.D502
FastEthernet0/1_4 Up - 10.1.0.12&/2¢6 <not set¥ 0000 _0CB1_D502
Vlanl Down 1 <not setr <not setyr 0040 _0B1Z _3CDE
Hostname: Router

Physical Location: Intercity, Home City, Corporate Office, Wiring Closet

Pucynok 3.7 — CkpuHIIOT Hanaropkenoro poyrepa 3 1somMa VIAN 1 30BHilIHb-
OI0 MEPEKEI0
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3.2.3 AHaui3 i TecTyBaHHS Mepe:ki

[lepeBipka Mepex1 10 MIAKIIOUYEHHS MapIIpyTH3aTopa:
BinnpaBnenns makeriB Ha poOouYl CTaHIIll, K1 3HAXOAATbCA B OJIHIA BIpTyalib-
Hill Mepexi (pucyHok 3.8).

Fire Last Status Source Destination Type Color Time (sec) Periodic Num Edit  Delete
& Successful  Servers PC5.2 ICMP . 0.000 N 0 (edit) (delete)
@ Successful PC5.56  Servers ICMF 0,000 N | (edit) (delete)
& Successful PC456 PC4Z ICMP . 0,000 N pi (edit) (delete)
& Successful  Serverd PC4.56 ICMP 0,000 N 3 {edit) (delete)

Pucynok 3.8— CkpHHIIIOT NepeBipKHU Mepeiadl MaKeTiB B OJIHINA BIpTyaibHIN
Mepexi

BianpaBnenns makeriB Ha poOOYl CTaHIIll, SKI 3HAXOAAThCS B PI3HUX BIpTYya-
JBHHUX MepexaXx (pucyHok 3.9).

Fire Last Status Source Destingtion Type Color Time (sec) Periodic Num  Edit  Delete
@ railed Servers Serverd ICMP . 0.000 M 0 (edit) (delete)
.' Failed PCS.08 PC4.2 ICMP 0.000 M 1 (edit) (delete)
@ Failed PC4.568 Servers ICMP . 0,000 i 2 (edit) (delste)
@ raied PC5.2  Serverd ICMP . 0.000 M 3 (edit) (delete)

Pucynok 3.9 — CkpuHIIOT TIepeBipKH Mepeaadi MakeTiB B pi3HI BipTyaabHI
Mepexi

[TepeBipka Mepexi miciisl MAKIIOUYCHHS MapIIpyTU3aTopa:
- BiampaBneHHs makeTiB Ha po0OOYl CTaHIIli, K1 3HaXOJATHCSA B OAHIN BipTya-
nbHIN Mepexi (pucynok 3.10).

Fire Last Status Source Destination Type Color Time (sec) Periodic Mum  Edit  Delete
@ Successful  Servers PCS.2 ICMP . 0.000 M 0 (edit) (delete)
&P Successful PC5.56  Servers ICMP 0.000 M 1 (edit) (delete)
@ Successful PC4.56 PC4.2 ICMP . 0.000 M 2 (edit) (delete)
@ Successful  Serverd PC4.56 ICMP 0.000 M 3 (edit) (delete)

Pucynok 3.10— CxkpuHIIOT NEpeBIpKU Nepeayl MaKkeTiB B OJIHINA BipTyanbHIN
Mepexi

- BinnpasieHHs makeTiB Ha poboul CTaHIIll, K1 3HAXOASITHCSA B PI3HUX BIpTya-
JBHUX Mepexax (pucyHok 3.11).
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Fire Last Status  Source Destination Type Color  Time (sec) Periodic Num  Edit  Delete
@ Successful  ServerS Serverd ICMP 0.000 N 0 (edit) (delete)
@ Successful PC5.56 PC4.2 ICMP . 0.000 M 1 (edit) (delete)
@ Successful PC4.56  Servers ICMP . 0.000 N 2 (edit) (delete)
@ Successful PC5.2 Serverd ICMP 0.000 M 3 (edit) [delete)

Pucynok 3.11 — CkpuHIIIOT IEpPEBIpKHU NIepeiadi MakeTiB B Pi3Hi BipTyasbHI
Mepexi

- BukoHaHHA TpacyBaHHS MaKeTiB 0 poOOYMX CTaHIIIN, SIKI 3HAXOIATHCS B
PI3HUX BIpTyaJIbHUX MEpPEXKax.

SERVER>tracert 10.1.0.121

Tracing route to 10.1.0.121 over a maximum of 30 hops:
1 15 ms 9 ms 14 ms 10.1.0.62
2 30 ms 30 ms 30 ms 10.1.0.121

Trace complete.

SERVER>tracert 10.1.0.66

Tracing route to 10.1.0.66 over a maximum of 30 hops:
1 12 ms 11 ms 14 ms 10.1.0.62
2 27 ms 13 ms 28 ms 10.1.0.66

Trace complete.

- BukonaHHs TpacyBaHHS MakeTiB J0 30BHIIIHbOI MEPEXi, BUKOPUCTOBYBATH
IP anpecy cepsepa.

SERVER>tracert 192.168.10.2

Tracing route to 192.168.10.2 over a maximum of 30 hops:
1 11 ms 12 ms 13 ms 10.1.0.62
2 20 ms 22 ms 22 ms 192.168.10.2

Trace complete.

3.3 3aBnaHHsn

1 CrBopuTH MOAEIs MEPEXi, M0 CKIANAETHCA 3 2 MIIMEPEX, 10 BXOAATH 110
ckinany aBox VLAN 3 nomepamu Homep Bapianta+1 i X. Po306utu 6a3oBy miame-
pexy no macui Y. BukopucroByBatu agpecy mepexi, X 1 Y 3riiHO 3 BapiaHTOM 3a-
BIIAHHSI.

2 3'emHatH Mepexi 2-Ma KOMYTaTOpaMHy, HaJallTyBaTH MOPTH KOMYTaropa
Uit po6otu 3 BianoBigHUMU VLAN 13'€eqHaTu KOMYyTaTOpU MiX cO0O0IO.

3 Jlo omHOro 3 KOMYTaTOPiB MiAKIIOUYATH MapUIPyTH3aTOP 3 2 MEPEKEBUMHU
iHTEpdeiicamu.

4 ]Jlo oAHOTO 3 KOMYTaTOPIB MIAKJIIOYUTH MAPUIIPYTU3ATOP 3 2 MEPEKEBUMU
iHTepdeiicamu. 30BHIIIHA Mepeka EMYIIOETbCI KOMYTaTOPOM 1 CEPBEPOM.

3.3.1 Xix poboTn

1. Buznauutu agpecy mepexi, X 1 Y 1y cBoro Bapianty (tabmmms 3.2), Bapi-
aHT 3TiHO 3 HOMEPOM 3a CIIHCKOM.
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Tabmums 3.2 — Bapiantu 3aB1adb

Howmep Bapianty bazoBa aapeca X HOMEp 2-TO Y macka
Mepexi VLAN iIMEpexi
1 192.168.0.0 7 /24
2 172.16.0.0 9 /23
3 172.17.0.0 8 /25
4 172.18.0.0 11 /28
3) 172.19.0.0 10 127
6 10.1.0.0 6 /26
7 10.2.0.0 7 /23
8 10.3.0.0 8 /28
9 10.4.0.0 6 /24
10 10.5.0.0 10 /25
11 10.6.0.0 7 /26
12 10.7.0.0 8 /27

2. Pospaxysatu siki IP agpecu moTpamisitoTs B 3a/1aHy MAaCKy IiAMEPExKi, IS
peanizailii TOTpiOHOI KITbKOCTI MIAMEPEXK.

3. ¥V Packet Tracer 5.0 crBoputu Mmoaens LAN Takoro, 110 CKJIaa€ThCs 3 IBOX
nigMepex, KUTbKICTh poOOYMX CTaHIIM B KOXKHIN MIAMEpPEKl MOJEIl BU3HAYAETHCSA
MOYATKOBOIO 1 KIHIIEBOIO ajipecoro. TakuMm YMHOM B KOXKHIN miaMepexi Oyae 2 pobo-
yi cranmii, [P agpecu saxux OynyTh MOYATKOBUMHM 1 KIHIIEBMHU aipecaMH XOCTIB JJIst
i€ miaMepexi.

4. 3'ennatu xomytatopu Cisco Catalyst 2960 mix co00r0 1 MAKIIOYUTH 0
HUX poOOUi CTaHIIII.

5. OO6'emnatu poOoui cTaHIli B pi3HI BipTyalbHI MEPEXi, 3TTHO 3 BapiaHTOM
3aBJIaHHS.

6. IlpoBectm aHai3 i TeCTyBaHHS MEPEXKi, 3riTHO 3 AJTOPUTMOM HaBEICHOMY
HUKYE:

- JI0 OJIHOTO 3 KOMYTAaTOPIB MIAKIIOYUTH OJUH 3 IHTEpPENCIB MapIIpyTH3aTo-
pa;

- HaJIallITyBaTH MOPT KOMYyTaTopa JJIsl MponmyckaHHs BCiX Vlan-i1B Ha Mapmipy-
TU3ATOD;

- Ha MapuipyTuzatopi cTBoputH 2 mimgintepdeiicu, 3 IP agpecoro, mackoro i
HOMepoM BianosigHoro Vlan-a;

- Ha apyroMy iHTepdeiici mapupyru3aropa Hanamrysatu [P aapecu 3 30BHI-
IIHBOI MEepexi, JJIs1 30BHIIIHLOI MiJIMEPEeKl BUKOPUCTOBYBAaTU AOBUIbHI IP agpecu,
110 HE MOTPAIJISIOTh B Alana3oH JIOKAJIbHUX aJpec;
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- 3'enHaTt Ipyruil iHTepdeiic MapuipyTuzaropa 3 KOMyTaTOpOM 30BHIIIHBOI
MEpexi, 10 SIKOTO MiAKIIOYEHUN cepBep;

- Ha poOOYMX CTAHINAX MPONUCATH OCHOBHHH MLII03, BianoBigHui IP axpeci
niginrepdeiicy mapuipyruzaropa 11 gaHoro VLAN.

7. 3HIMOK €KpaHy MOJeNi MepeXi, HaJallTyBaHHS KOMYTaropa i MapupyTH-
3aTopa HajJaTy B 3BiTi.

8. AHami3 1 TeCTyBaHHS MEPEXi:

1) [lo migKIrO4YeHHS MapIipyTH3aTopa:

- BIAMPaBUTH MaKeTH HA poOOYi CTaHIIii, IO 3HAXOAATHCS B OJHIN BipTYyalbHIN
Mepexi. BinoOpasutu pe3ynbTaTu B 3BITi,

- BIANPaBUTH MAKETU HA poOOUl CTaHIIII, [0 3HAXOASITHCSA B PI3HUX BIpTyasb-
HUX Mepexax. BiqoOpa3uTu pe3ynbTaru B 3BiTi.

2) Ilicnst miaKIFOYeHHS MapIIpyTH3aTOpa:

- BIMPABUTH MaKeTU HAa poOOYl CTaHIIii, 110 3HAXOAATHCS B OJHIN BIpTyalabHIN
Mepexi. BinoOpasuTtu pe3ynbTaTu B 3BiTI;

- BIIIPaBUTH MaKETH HA poOOUl CTaHIIIi, 110 3HAXOASITHCS B PI3HUX BIPTyalb-
HUX Mepexax. BinoOopasuTu pe3ynbraTu B 3BITi;

- BUKOHATU TPacCyBaHHS IMaKETIB A0 poOOUYMX CTaHIIH, IO 3HAXOAATHCS B Pi3-
HUX BIpTYaJIbHUX Mepekax. BimoOpa3sutu pe3ynbTaTy B 3BITI,

- BHUKOHATHU TPAaCyBaHHS MAaKETiB /10 30BHINIHBOI MEPEXi, BAKOpUCTOBYBaTH [P
anpeca ceppepa. Bimobpa3utu pe3yabTaTH B 3BITI.

3.4 KoHTpO/IbHI NMTAHHA

Axkoro komanoro npuszHauaetbcst VLAN Ha mopt komyratopa?
Sk nporasHyTu ciucok VLAN?
SIK IpOrasHYyTH HAJAIITYBAHHS ITOPTY?
Sk MOrNISIHYTH BC1 HaJAITyBaHHS KOMyTaTopa?
Sk ctBOpuTH miAiHTEepdeEiic Ha MapuIpyTU3aTopi?
Sk nonatu miginTepdeiic mapupytuzaropa B motpioHuii VLAN?
Sk mepeBipUTH Tpacy Mo SAKiM WAYTh MaKkeTH 10 KiHIIEBOI Kpanku?
Sk mporasiHyTH BCl HaJalITYBaHHS MaplIpyTU3aropa?
SIK BKJITIOYNTH MapuIpyTH3aIliio?

10 SIkuMU BIACTUBOCTSIMU TTOBUHEH BOJIOAITH MOPT KOMYTATOpa, 0 SKOTO ITi-
JKJIFOYEHUN MapLIpyTU3aTop?

CoNoOARLDE
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4 TABOPATOPHA PABOTA Ne 4
JOCIIIIZKEHHA POBOTH 3 IOTOKOBUMUH COKETAMMU B PEKUMI
Oo1InuTYyY

Mera po6oTH: BUBYUTH POOOTY 3 MOTOKOBHUMHU COKETAMHU B PEXKUMI OIUTY.
CtBOpUTH cepBep KOTpUii Oyjie BiJIMOBIIATH HA 3alMUTH KJIIEHTIB.

4.1 Teoperuyni BizomocTi

Socket APl 6yB Bmepmie peamizoBanuid B omepariiiHiii cuctemi UNIX. 3apa3
el mporpaMHuil iHTepdec NOCTymHUM MpPakTHYHO B OyAb-sAKid omepauiiHii cu-
cremi. Xoua BCi peaizallii YuMOoCh BIPI3HSAIOTHCS OJWH BiJl OTHOTO, OCHOBHUH HA0Ip
dbyHK1iM y HUX 30iraetbecsi. CoyaTky COKETH BUKOPUCTOBYBAJIKCS B Iporpamax Ha
C/C++, ane B naHMi 9ac BOHHU € Maike B BCIX HOBHUX MOBax mporpamysanus (Perl,
C#, Java Ta iH.).

CokeTn HaaOTh AyKe MOTYKHUHM 1 THYYKUH MEXaH13M B3a€MOJIl MiXk MpoIle-
camu (IPC). Bonu MoXyTh BUKOPUCTOBYBATUCS JJI OpraHizailii B3a€MoJii mporpam
Ha OJTHOMY KOMII'FOTEPI, 10 JIOKaJIbHIM Mepexi abo yepe3 [HTepHeT, 110 103BOJISIE BaM
CTBOPIOBATH PO3MOJIUICHI JOJMATKU Pi3HOI cKiagHocTi. KpiM Toro, 3 ix J0MOMOTOIO
MOXXHA OpPraHi3yBaTH B3a€MOJII0 3 MpOorpaMaMu, IO MPALIOTh MiJ YHIPaBIiHHAM
IHIIIUX OTMEPAIIHHUX CUCTEM.

CokeTH mATPpUMYIOTh 6arato CTaHIapTHUX MEPEKEBUX MPOTOKOJIB (KOHKPET-
HUW X CIUCOK 3aJeXHUTh BiJ peaniizaiii) 1 HamaroTh yHipikoBaHUU iHTepdeic as
poboTu 3 HUMHU. HaiOiapll 4acTO COKETHM BUKOPHUCTOBYIOThCS sl podootu B IP-
MEpEeKax.

Cokeru, HE3aJIEKHO BIJ BHIY, MOAUISIOTHCS HAa TPU TUMM: HMOTOKOBI, CUpI 1
neifrarpamui. [I0TOKOBI COKETH MPalOIOTh 3 YCTAHOBKOIO 3'€HaHHS, 3a0€3Meuyoun
HaJ1MHY 11eHTU(diKalil0 000X CTOPIH 1 FapaHTYIOTh LUIICHICTh 1 YCHIIIHICTh JOCTaB-
KU JaHuX, cnuparouuch Ha nportokon TCP. [leiitarpaMHi COKETH MpaliolOTh 0e3
BCTAHOBJICHHS 3'€JHAHHS 1 HE 3a0e3MeuyroTh Hi i71leHTU(dIKaIii BiAIpaBHUKA, HI KOH-
TPOJIIO YCHIIIHOCTI JOCTABKH JIaHUX, 3aT€ BOHU LIBUJIIE MOTOKOBUX, CIIUPAIOYUCH HA
npotokonn UDP. Cupi cokeTu, BOHM HaAalOTh MOXJUBICTb PYYHOrO (HOpMYBaHHS
TCP \ IP-makeris.

Takox icHy€e 2 BUJU COKETIB:

- CHHXPOHHI — 3aTPUMYIOTh YIIPABJIIHHS Ha YaC BUKOHAHHSI OTepallii;

- ACHHXPOHHI — IMOBEPTAIOTh YIPABJIIHHS, ajle MPOJAOBXKYIOTh BUKOHYBATH PO-
60Ty B (hOHI Ta Mmicsl 3aKIHYEHHS MOB1IOMJISIOTH TPO II€.

4.1.1 Pobora 3 cokeramu

B nanomy BUMaAKy po3riissHEMO poOOTYy 3 CHHXPOHHUMH ITOTOKOBUMH COKETa-
mu (TCP).

Peamizaris cepBepa:

1) migroryBatu 0i0J1iOTEKY 10 BUKOPUCTAHHS,

2) ctBoputHu 00’ekT THITY Socket;
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3) 3B’s13aTH 1IeH 00’ €KT 3 JIOKAIBHOIO aJpeCOI0/TIOPTOM;
4) mepedTH B peKUM OYiKyBaHHS,

5) BUTATHYTH 13 YEPry 3alUT HA 3’ €IHAHHS;
6) mpuitHATH/TIepenaTH JdaHi;

7) 3aKpHUTH COKETH, 3BIJIBHUTH PECYPCH.
Peasnizamis kiienra:

1) migroryBatu 010J1iOTEKY 10 BUKOPUCTAHHS;
2) ctBopuTH 00’€KT THIY Socket;

3) 3’eaHATHCS 3 CEPBEPOM;

4) npudHATH/TIEpeaTH IaHi;

5) 3aKpHUTH COKETH, 3BIJIBHUTH PECYPCH.

4.1.2 Peanizauisi cepBepa

Kpoxk nepumii. «IlinroroBka 0idiorexmn»
st po6otu 3 616miorekoro Winsock 2.X moTpiOHO MiKIIOYUTH TUPEKTHBY
#include <winsock2.h> Ta miAroryBaru camy Oibmioreky. Jlis 1boro
Bukopucraemo ¢pynkiito WSAStartup (WORD wVersionRequested, LPWSADATA
IpPWSAData).
- wVersionRequested — mapamerp Ty WORD, mnipuiimae 3Ha4ueHHs Bepcii
COKETIB (cTapiuii 0alT ciioBa — HOMEp Bepcii, MOJIOAIINI — HOMEp i1 Bepcii);
- IpWSAData — crpykrypa tunny WSADATA, B KOTpY IIpH yCHIIIHIN THITIaTi-
3ar1ii Oyae 3aHeceHa iHpopMallis npo BUpoOHUKA 0107110TEKH.
[Tpuknan:
WORD sockVersion;
WSADATA wsaData;

sockVersion = MAKEWORD(2,2);
WSAStartup (sockVersion, &wsaData);

B UNIX nmoai6uux cucreMax nmoTpiOHO MiAKIIOYUTH TaKl TUPEKTUBH:
#include <sys/types.h>
#include <sys/socket.h>

Kpok apyruii. «CTBopeHHs 00’ekTy THIY SOCKet»

CtBopumo 00’ekt Tuiy socket. BukopuctoByemo ¢pynkiiro SOCKET s (int af,
int type, int protocol).

- af - cimelictBo nportokoniB (3a3zBuuail BukopuctoBytoTh AF _INET, T00TO
Internet mpoTokonu.);

- type — tun cokery — crnoci0 nepeaadi 1aHuX yepe3 Mmepexy. B nanomy kypci
mu Oyaemo BukopuctoByBatu: SOCK STREAM 3 BcTanoBneHHSIM 3’€IHAHHS, BH-
kopuctoByeThcsi B ocHOBHOMY 3 TCP Tta SOCK DFRAM 6e€3 BcTaHOBIEGHHS
3’€ITHaHHs, BAKOpUCTOBYIOThCS 3 UDP;

- protocol — mpoToko 1Jis epeaadi JaHuX.

OyHk1is moBepTae neckpuntop cokety, iHakme INVALID SOCKET.

[Tpuxian:

SOCKET s = socket (AF INET, SOCK STREAM, O0);
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// 0 - mapameTp 3a IpO MOBUAHHAM, oO3Hauae TCP.
Kpox Tpertiii «3’€1HaHHSA COKeTa 3 JIOKAJBHOI aJpecoro»

KmienT mpu migkaroueHi MOBHMHEH BKa3aTH aapecy/mopT cepBepa. OTxke Ha
CTOpPOHI CepBepa MM MOBUHHI BKa3aTH aJpecy/mopT, a MOTIM MOEAHATH iX 3 COKETOM.
Il niporo motpioHo Bukopucratu ¢yHkiito int bind (SOCKET s, const struct sock-
addr FAR* name, int namelen).

S — JECKPUIITOP COKETY 3 KOTPUM MU MOETHAEMO aJIpeCy/TopT;

name - ctpykrypa sockaddr, korpa MICTUTB agpecy/mopr;

namelen — noexxuna crpykrypu sockaddr.

Sxuro Bce 1006pe, To QyHKIS moBepTae «0».

Crpykrypa sockaddr mae Burssi:

struct sockaddr {

unsigned short sa family; // ciwmericTBO ampec, AF xxx
char sa data([l4];// 14 Gantie nnsa
// sbepiraHHa ampecu
bi
Tak six npaitoBaru 3 Sockaddr He 3py4HO, TO MO’KHA BUKOPHCTOBYBATH aJlb-
TepHATHBHY CTPYKTypy Sockaddr_in:
struct sockaddr in {

short int sin family; // cimercTBO ampecis
unsigned short int sin port; // HOMEp mnopTa
struct in addr sin addr; // IP-anmpeca
unsigned char sin zero([8]; // "momomHeHHA" 5O

// PO3Mipy CTPYKTYpHU
// sockaddr
}i
[Tpuxian:
sockaddr in sin;
sin.sin family = AF INET;
sin.sin port = htons (8888);
sin.sin addr.s addr = INADDR ANY;

result = bind(s, (LPSOCKADDR) &sin, sizeof(sin));
Kpox yerBepTuii «Pexum o4ikyBaHHD»

Konu Mu cTBOpUIM COKET, MOB’s3aIM HOTO 3 MEBHOIO aJIPECOI0/TIOPTOM, i
MU TIOBUHHI TIEpEHTH B PEXKHUM OYIKyBaHHS, TOOTO OUIKYBaHHS KJIEHTIB Ha
nigkmodeHds. st mporo BukopuctoByemo ¢yHkiito int listen (SOCKET s, int
bac_klog).

S — IECKPHIITOP COKETY;

bac_klog — wMakcumanpHUII po3Mip 4Yeprd Ha MIAKIIOYCHHS (KUIbKICTh
3’€JIHaHb, KOTPI CEPBEP MOXKE OJTHOYACHO OOpOOIIOBATH).

IIpuxnan:
result = listen(s, 5);
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Kpok ’satuii « BUTSAITH KJII€HTA 3 Yeprm»

B pexuMi O4iKyBaHHS MM YEKA€EMO TOKHU KJIEHTH HE 3’SIBUThCA B uUep3l Ha
NIIKIIOYeHHS (3amuT Ha 3’€HaHHA). SIK TiAbKM B uep3l 3 ABJSIETHCS 3alHUT Ha
M1IKJIFOYeHHS, BUTSATHYTH 3BIITU Horo MoxkHa 3a nonomoror gyskiii SOCKET ac-
cept (SOCKET s, struct sockaddr FAR* addr, int FAR* addrlen)..

S- IECKPHUITOP COKETY;

addr- crpykrypa sockaddr. ITpu migk/rodeHi Kii€HTa B Hel 3alHUCYEThCSA HOTo
aapeca/mopt. SKIio Hac He MIKaBUTh ajipeca KJlieHTa, MoxHa nepeaata NULL;

addrlen — noxuHa cTpykTypu sockaddr;

DyHKIIiS CTBOPIOE HOBHU 00’€KT Tumy SOCKet, 3 KoTpuM MU MOTIM OyaeMo
paIfoBaTy.

[Ipuknan:

SOCKET client;

result = accept(s, NULL, NULL);

Kpoxk moctuii «IIpuitom/nepenaya nanux»

Hawm notpiGHo peanizyBatu 0OMiH iH(GOpMALIIE€IO MIXK CEPBEPOM Ta KIIIEHTOM.

Jliis mpuiioMy TOBiOMJICHh BHKOPUCTOBYIOTE (yrKIito int send (SOCKET s,
const char FAR * buf, int len,int flags).

S - IGCKPUIITOP COKETY KJIIEHTA;

buf — 6ydep B KoTpHii MU OTPUMAEMO TTOBITOMJICHHS;

len — po3mip Oydepa;

flags — nmpanopiti, (SIki1o He BUKOPUCTOBYEMO TO «0»).

[ToBepTrae KiNbKICTh MPUIHHATUX OANT.

dynkiis send moBepTae ynpaBIiHHS Bipa3y Micis BAKOHAHHS, HE3AJICKHO BiJl
TOT'0 UM OTpUMaJa 1HIIa CTOpoHa 1H(OPMAIIITO.

Jly1s BiANpaBIICHHS MOBiJIOMJICHb BUKOPHCTOBYIOTH (yHKIiFO int recv (SOCK-
ET s, char FAR™* buf, int len, int flags).

S - IGCKPUIITOP COKETY KJIEHTA;

buf — Oydep 3 moBiTOMIICHHSM;

len — po3mip Oydepa;

flags — npanopiii, (Ao He BUKOPUCTOBYEMO TO «0»).

DyHKIIISA reCV MOBEPTA€E YIPaBIIHHS TIJIBKH MICIS TOTO SIK oTpuMasia iHpopma-
IIO.

[Ipuxinan:

SOCKET client;

result = accept (s, NULL, NULL);

char recv buf[40];
char send buf[40] = "ANSWER";

result = recv(client, recv buf, 40, 0);
send (client, send buf, 40, 0);
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Kpok cbomuii «3aKpUTH COKeT, 3BUVILHUTH pecypcH»

[Ticast poboTH ¢ KJIIEHTOM MOTPIOHO 3aKpUTH 3’€qHAHHS. Takoxx He 3a0yBaemMoO
micas 3aKkiH4eHHs pPOOOTH cepBepa 3aKpUBATU OCHOBHUM COKET, pPOOUTH [ie
1HiI1as3a11it0 610J110TeKH, 3BUIbHEHHS PEeCYpPCIB.

[Tpukian

closesocket (client);

closesocket (s) ;
WSACleanup () ;

B UNIX mogi6Hux crcTeMax BUKOPUCTOBYIOTD:
#include <unistd.h>
int close (int £d);

4.1.3 Peanizanis KJiicHTa
Kpok nepmmii. «IlizroroBka 0i0gioTexm»

st po6otu 3 616miorekoro Winsock 2.X moTpiOHO MiKIIOYUTU TUPEKTHBY
#include <winsock2.h> Ta miaroryBaru camy O010mioTeky. J[Jis 1IbOro BHKOPHUCTAEMO
¢dyukmiro WSAStartup (WORD wVersionRequested, LPWSADATA IpWSAData).
- wVersionRequested — nmapamerp Tumy WORD, nipuiimae 3HaueHHs1 Bepcii co-
KeTiB (cTapmuii 0alT ciioBa — HOMEpP BEPCii, MOJOAIINN — HOMEP i Bepcii);
- IpWSAData — crpykrypa tury WSADATA, B KOTpY NpH YCIIIIHIN 1HIIIAi-
3arii Oye 3aHeceHa iHpopmMalris npo BUpoOHUKA 010110TEKH.
[Tpuknan:
WORD sockVersion;
WSADATA wsaData;
sockVersion = MAKEWORD(2,2) ;
WSAStartup (sockVersion, é&wsaData);

B UNIX nogibuux cucreMax noTpiOHO MiAKIIOUUTH TaKl TUPEKTUBU:
#include <sys/types.h>
#include <sys/socket.h>

Kpok apyruii. «<CTBOpeHHs1 00’€kTy THIY SOCKet»

CrBopuMo 00’ext Tuiry Socket. BukopucroByemo dynkitito SOCKET s (int af,
int type, int protocol).

- af - cimeiictBo nporokomiB (3a3Buuail BukopuctoBytoth AF _INET, ToOTO
Internet mpoTokomu.);

- type — tum cokeTy — cnoci0 nepenadi JaHux yepes3 Mmepexy. B nanomy kypci
mu Oynemo BukopuctoByBatu: SOCK_STREAM 3 BcTaHOBIIGHHSIM 3’€IHAaHHSI, BUKO-
puctoByeThcss B ocHoBHOMY 3 TCP Ta SOCK_DFRAM 6e3 BcTaHOBICHHS 3’ €THAHHS,
BUKOpUCTOBYIOThCS 3 UDP;

- protocol — mpoTokon st epenavi JaHux;

®dyukuis noBeprae geckpunTop cokery, iHakme INVALID SOCKET.
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[Tpuknan:
SOCKET s = socket (AF INET, SOCK STREAM, O0);
// 0 - mapamMeTp 3a IpO MOBUYAaHHAM, O3Hauae TCP.

Kpoxk Tpertiii «3’en1HaHHs 3 cepBepoOM»

Ha croponi kiieHTa Ham TOTPIOHO 3’€IHATHCS 3 CEPBEPOM BKA3aBIIM aipe-
cy/mopt cepBepa, JUIS IbOro BHKOpHUCTOByeMo QyHkmiro int connect (SOCKET s,
const struct sockaddr FAR* name, int namelen).

S — IECKPUIITOP COKETY;

name — crpykrypa sockaddr, korpa MicTUTh B c00i aapecy i MOPT BiATAICHOTO
BY3JIa, 3 KOTPUM MU OyJIeMO 3’€IHYyBaTUCH;

namelen — po3mip ctpykTypu sockaddr.

[Tpuxian:

hostEntry = gethostbyname ("127.0.0.1");

SOCKADDR IN serverInfo;

serverInfo.sin family = AF INET;

serverInfo.sin addr = * ((LPIN ADDR) *hostEntry-
>h addr list);

serverInfo.sin port = htons(8888);

result=connect (s, (LPSOCKADDR) &serverInfo,
sizeof (serverInfo));

Kpox yerBepruii «IIpuiiom/nepenaua nanux»

Hawm notpiGHo peanizyBatu 0OMiH 1H(OPMAIIEI0 MIXK CEPBEPOM Ta KJIIIEHTOM.

Jlis ipuitoMy TOBiJIOMJICHh BUKOPUCTOBYIOTH GyHKIIO Int send (SOCKET s,
const char FAR * buf, int len,int flags).

S - JECKPUIITOP COKETY KJIEHTA;

buf — Oydep B kOTpuit MH OTPUMAEMO MTOBITOMJICHHS;

len — po3mip Oydepa;

flags — npamopiii.

Bona noBepTae KibKiCTh NPUIHHATUX OaMT.

Odynkiist Send moBepTae ynpaBIiHHS Bipa3y Iiciisi BAKOHAHHS, HE3aJICKHO BiJl
TOT'0 UM OTpUMaJa iHIIa CTOpoHa iH(OpMAaIlito.

JInst BiAnpaBJieHHsI TOBIIOMIIEHb BUKOPUCTOBYIOTH (hyHKIIito int recv (SOCK-
ET s, char FAR™* buf, int len, int flags).

S - IECKPUIITOP COKETY KJIEHTA;

buf — Oydep 3 moBiTOMIICHHAM;

len — po3mip Oydepa;

flags — mpamopiri.

®OynKIiis reCV MoBepTae yMpaBIiHHS TUIBKH MICIS TOTO SK OTpuMaina iH(pop-
Marliro.

[Ipuknan:

SOCKET client;

result = accept(s, NULL, NULL);
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char recv buf[40];
char send buf[40] = "ANSWER";

result = recv(client, recv buf, 40, 0);
send (client, send buf, 40, 0);

Kpok n’situii «3aKpuTH COKeT, 3BUILHUTH PeCypcH»

[Ticns poOOTH ¢ KIIIEHTOM HNOTPIOHO 3aKPUTH 3’ €JHAHHS. TakoX He 3a0yBaeMO
micas 3aKkiHYeHHS pPOOOTH CepBepa 3aKpUBATH OCHOBHHM COKET, pPOOUTH Jie
1HIIai3a1io0 010J110TeKH, 3BIIbHEHHS PEeCYpPCIB.

[Tpuknan

closesocket (client);

closesocket (s) ;
WSACleanup () ;

B UNIX noxibaux cucremax BUKOPHUCTOBYIOTh:
#include <unistd.h>
int close (int £d);

4.1.4 Nlpukaag poooru 3 WinSock

Peanizanis cepBepa:
#include "stdafx.h"
#include <winsock?2.h>

#pragma comment (1lib, "wsock32.1ib")

#define SERVER SOCKET ERROR 1
#define SOCKET OK O

int tmain(int argc, TCHAR* argv([])
{
int result;
WORD sockVersion;
WSADATA wsaData;
sockVersion = MAKEWORD (2,2);
WSAStartup (sockVersion, &wsaData);
sockaddr in sin;
sin.sin family = AF INET;
sin.sin port = htons(8888);
sin.sin_addr.s_addr = INADDR ANY;
SOCKET s = socket(AF_INET, SOCK_STREAM, 0);

if (s == INVALID_SOCKET)

{
printf ("%s", "ERROR (don't create serrver)\n");
WSACleanup () ;

return SERVER SOCKET ERROR;

printf ("%s", " >>> Create socket \n");

result = bind(s, (LPSOCKADDR) &sin, sizeof (sin));
if (result == SOCKET_ ERROR)
{

printf ("%s", "ERROR (don't associates a
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local address with a socket)");
WSACleanup () ;
return SERVER_SOCKET_ERROR;

else
{
printf ("%s", " >>> Associates a local
addres with a socket\n");
}
result = listen(s, 5);
if (result == SOCKET_ERROR)
{
printf ("%$s", " ERROR (don't listen a socket )\n");
WSACleanup () ;
return SERVER SOCKET ERROR;
}
else
{
printf ("%s", " >>> get socket to listen \n");
}
while (1)

SOCKET client;
client = accept (s, NULL, NULL);

if (client == INVALID_SOCKET)
{
printf ("%s", " >>> ERROR (don't

accept a new socket)\n");

WSACleanup () ;
return SERVER SOCKET ERROR;

else

printf ("%s", " >>> new socket
client ACCEPT (client found)\n");

}

char recv_buf[40];
char send buf[40] = "ANSWERRRRRRR";

result = recv(client, recv _buf, 40, 0);
recv_buf[result]=0;
send(client, send buf, 40, 0);

printf ("%s", recv_buf );
printf ("%s", "\n" );
if (result == SOCKET_ERROR)

{
int val = WSAGetLastError();

if (val == WSAENOTCONN)
{

printf ("%s", " ERROR (socket not

connected) ?? \n");

}
else if(val == WSAESHUTDOWN )
{

printf ("%s", " ERROR (socket has

been shut down!) 2?2 \n");

}
printf ("%s", " ERROR (FAILD RECV) \n") ;
return SERVER_SOCKET_ERROR;
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}
closesocket (client);
printf ("%s", " >>> Close client socket \n");

} // END WHILE

closesocket (s) ;

printf ("%s", " >>> Close main socket \n");
WSACleanup () ;

return SOCKET OK;

Peanizanis kiicura:
#include "stdafx.h"
#include <winsock.h>
#pragma comment (1ib, "wsock32.1lib")

#define CS_ERROR 1
#define CS OK O

int tmain(int argc, TCHAR* argv([])
{
WORD version;
WSADATA wsaData;
int result;
version = MAKEWORD (2,2);
WSAStartup (version, (LPWSADATA) &wsaData) ;
LPHOSTENT hostEntry;
hostEntry = gethostbyname ("127.0.0.1");

if ('hostEntry)

{

printf ("%s", " >>> ERROR (hostEntry NULL) \n");
WSACleanup () ;
return CS_ERROR;

SOCKET theSocket = socket (AF_INET, SOCK_STREAM, O0);

if (theSocket == SOCKET_ERROR)

{

printf ("%s", " ERROR (don't create socket)\n");
return CS ERROR;

}

else

printf ("%s", " >>> Create socket \n");

sockaddr_in serverInfo;

serverInfo.sin family = AF INET;
serverInfo.sin addr = * ((LPIN ADDR) *hostEntry->h addr 1list);
serverInfo.sin port = htons(8888);

result=connect (theSocket, (LPSOCKADDR) &serverInfo,
sizeof (serverInfo));
if(result==SOCKET7ERROR)
{
printf ("%$s", " ERROR (don't connect to Server)\n");
return CS ERROR;
}

else

printf ("%s", " >>> Connect to Server\n");
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char send buf[40] = "";
char recv buf[40] = "";
scanf ("%s", send buf);

result = send(theSocket, send buf, strlen(send buf), 0);
if (result == SOCKET ERROR)
{
printf ("%s", " ERROR (Failed send () )\n");
return CS_ERROR;
}

recv (theSocket, recv buf, 40, 0);
printf ("%s", recv buf);
printf ("%s", "\n");

closesocket (theSocket) ;
printf ("%s", " >>> Close socket\n");
WSACleanup () ;

return CS OK;

4.1.5 llpukaaa podoru s Unix noaioOHuUX cucreM

Exo-Kuient:
#include <sys/types.h>
#include <sys/socket.h>
#include <netinet/in.h>

char message[] = "Hello there!\n";
char buf[sizeof (message)];

int main ()
{
int sock;
struct sockaddr in addr;

sock = SOCket(AF_INET, SOCK_STREAM, 0);
if (sock < 0)
{
perror ("socket");
exit (1) ;
}

addr.sin family = AF INET;
addr.sin port = htons(3425);
addr.sin _addr.s_addr = htonl (INADDR LOOPBACK) ;
if (connect (sock, (struct sockaddr *)&addr, sizeof (addr)) < 0)
{
perror ("connect") ;
exit (2);
}
send (sock, message, sizeof (message), 0);
recv (sock, buf, sizeof (message), 0);
printf (buf) ;
close (sock) ;
return O;

Exo-Cepgep:
#include <sys/types.h>
#include <sys/socket.h>
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#include <netinet/in.h>

int main ()

{
int sock, listener;
struct sockaddr in addr;
char buf[1024];
int bytes read;

listener = socket (AF INET, SOCK_STREAM, O0);
if (listener < 0)
{
perror ("socket");
exit (1) ;
}

addr.sin family = AF INET;
addr.sin port = htons(3425);
addr.sin _addr.s_addr = htonl (INADDR ANY) ;
if (bind(listener, (struct sockaddr *)&addr, sizeof (addr)) < 0)
{
perror ("bind") ;
exit (2);
}
listen(listener, 1);
while (1)
{
sock = accept(listener, NULL, NULL);
if (sock < 0)
{
perror ("accept") ;
exit (3);
}
while (1)
{
bytes read = recv(sock, buf, 1024, 0);
if (bytes read <= 0) break;
send (sock, buf, bytes read, 0);
}

close (sock);

}

return O;

4.2 3aBaaHHA

HamnucaTtu cepep koTpuil ogHouacHo Oyze BIANOBIJATHA HA 3aUTH Bl KI€H-
TIB.

Jig CcTyneHTiB KOTpl XO4yTh OTPUMATHU BIAMIHHY OILIHKY: KJI€HT MOBHUHEH
HAJICUJIaTH I[OCEKYH/IU TOBIIOMJIEHHS ¢ MOTOYHOIO J1aToro. Ha croponi cepBepa pea-
JI3yBaTH MEPEBIPKY, SAKIINO MPUNHHATA JlaTa MapHa (CeKyH]IM), Y BIAMNOBIAb BICUJIATH
JaTy 110 MPUCIIaB KIIEHT Ta MoBigoMIeHHS «Yucno napHey, iHakme «HYucao He map-
HEY;

4.3 KoHTpO/NIbHI NUTAHHA

1. IIfo Take coket? SIKi ICHYIOTh THUIIU COKETIB?
2. Slka (yHKIIISI BUKOPUCTOBYETHCS MPU CTBOPEH1 cokeTy? OxapakTepusyinre
napameTpH KOTpi nepeaaroTbes y QyHKI0?
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3. Hagimo Bka3yBaTH Ha CTOPOHI cepBepa aapecy/mopt?

4. TlosicHITH, YOMY MpU ajapecallli COKETIB BUKOPUCTOBYIOThCS Pi3HI CTPYKTY-
pU TIepeTBOPEHHS THUITIB?

5. Slxa (yHKIisS BUKOPUCTOBYETHCS ISl YMTaHHS NaHWX 13 cokery? Oxapak-
TEpPU3yHTE MapaMeTpH KOTPi NepeaaroTbes y QyHKIII0?

6. Sxi QyHkiii 000B’3KOBO MOBHHHI OYTH MPUCYTHIMU MIPH CTBOPEHHS CEP-
Bepa/kimienTa? OxapakTepu3yiTe BiNOBIAb?
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5 JABOPATOPHA PABOTA Ne 5
JOCIIZKEHHA POBOTHU 3 JATAT'PAMHUMU COKETAMM B PEKUMI
Oo1InuTYyY

Merta po6oTu: BUBUMTH POOOTY 3 JaTarpaMHUMHU COKETaMU B PEKUMI OMUTY.
CtBOpUTH cepBep KOTpUit Oy/ie BiIMOBIIATH HA 3aUTH KJIE€HTIB.

5.1 Teopernuni BizomocTi

JlaTarpamMHi COKETH BUKOPHCTOBYIOTHCS B MPOTrpaMax HE TaK 4acTO, OCKLIBKH
HAJIHHICTh TyXe HU3bKa. KoprucHI BOHM TO/I, KOJU MOTPIOHO MOCTIHHO MepeaaBaTu
3BYK 1 BiJieo Mo Mepexi. OCKIIbKY I JaTarpaMHUX COKETIB HE MOTPIOHO BCTaHOB-
JIFOBATH 3’ €HAHHS, BUKOPUCTOBYBATH 1X 3HAYHO MPOCTIIIIE.

Peanizaris ceppepa:

1) migroryBaru 6i0J1iOTEKy 10 BUKOPUCTAHHS;

2) ctBopuTH 00’€KT THITY Socket;

3) 3B’s13aTH 1IeH 00’ €KT 3 JIOKAIBHOIO aJPECOI0/TIOPTOM;

4) TpHAHSATH/TICPEaTH JdaHi;

5) 3aKpHUTH COKETH, 3BIJIBHUTH PECYPCH.

Peanizauis kiienra:

1) migroryBatu 0i0IOTEKY 10 BUKOPHCTAHHS,

2) ctBopuTH 00’ekT THITY SOCKEt;

3) npuiHsATH/TICpEAaTH IaHi;

4) 3aKpUTH COKETH, 3BIJIBHUTH PECYPCH.

CrBopuBIIU COKET 3a jgormomMoror Socket Ta bind, Bu Bxke Mokere BUKOPUCTO-
BYBaTH MOTO JUIs BIANPABKH 1 MPUHAOMY MOBIIOMJICHB 3a JOMOMOro0 ¢GyHKIi#i sendto
Ta recvfrom.

Jlis  BiAmpaBIICHHS IOBIJOMJICHHS BHKOPHCTOBYIOTH (yHKIi0 INnt sendto
(SOCKET s, const char FAR * buf, int len,int flags, const struct sockaddr FAR * to,
int tolen).

Bona maiixke Taka sik i Send, ane mae 2 101aTKOBUX IMapaMeTpH:

- to — Bkazyemo cTpykTypy sockaddr, B koTpiii € axpeca mpu3HaYCHHS,

- tolen — po3mip cTpykTypu.

Jlyis mpuiioMy JaHWX BHKOPHCTOBYIOTH (yHKmito Int recvfrom (SOCKET s,
char FAR* buf, int len, int flags, struct sockaddr FAR* from, int FAR* fromlen ).

BignoBinHO i TYT € 2 TOAaTKOBUX MapaMeTpH, OJWH i3 HUX CTPYKTypa SOCK-
addr, B koTpy MU 3amuiiemMo aapecy/mopT BiAnpaBHUKA (Ha IIIO K ajapecy i 0yaemo
BIJINOBIJIATH B 3BOPOTHOMY HAIpaBlii) 1 caMe PO3MIp i€l CTPYKTYPH.

Jlopeui, MOXKHA BUKOPUCTOBYBATH i QyHKIIT Send Ta recv, 3podusmm CONNect,
ajie MalTe Ha yBas3l, II0 HISKOTrO 3’€HAHHS HE BiJOYBAE€ThCS, MU MPOCTO 3a-
nam’ITOBYEMO aJIpecy.
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5.1.1 Ilpuxkaax po6oru WinSock

Peanizauis cepBepa:

#include "stdafx.h"

#include <winsock?2.h>

#pragma comment (1ib, "wsock32.1ib")

#define SERVER SOCKET ERROR 1
#define SOCKET OK O

int tmain(int argc, TCHAR* argv[])

{
int result;
WORD sockVersion;
WSADATA wsaData;
sockVersion = MAKEWORD (2, 2);
WSAStartup (sockVersion, &wsaData);
sockaddr in sin;
sin.sin family = AF INET;
sin.sin _port = htons(8888);
sin.sin_addr.s_addr = INADDR ANY;

SOCKET s = Socket(AF_INET, SOCK_DGRAM, 0);

if(s == INVALID SOCKET)

{
printf ("%s", "ERROR (don't create server)\n");
WSACleanup () ;
return SERVER SOCKET ERROR;

else

printf ("%s", " >>> Create socket \n");

result = bind (s, (LPSOCKADDR) &sin, sizeof (sin));

if (result == SOCKET_ ERROR)
{
printf ("%s", "ERROR (don't associates a local address with a
socket) ") ;
WSACleanup () ;
return SERVER SOCKET ERROR;
}
else
{
printf ("%s", " >>> Associates a local addres with a sock-
et\n");
}
while (1)
{
char recv _buf[1024];
char send buf[1024] = "ANSWER\n";
sockaddr in client addr;
int client addr size = sizeof (client addr);
int result = recvfrom ( s, recv buf, 1024, O, (LPSOCK-
ADDR) &client addr, &client addr size);
if (result == SOCKET ERROR)
printf (" ERROR recvirom() error:

%d\n", WSAGetLastError());

HOSTENT *hst;
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hst=gethostbyaddr ((char *) &client addr.sin addr, 4,AF INET);
printf ( inet ntoa(client addr.sin_addr),
ntohs (client addr.sin port));
recv_buf[result]=0;
printf (" = Message from client: %s\n",&recv_buf[O]);
sendto (s, &recv_buf[0], 40,0, (sockaddr *) &client addr,
sizeof (client addr));
}
closesocket (s);
printf ("%s", " >>> Close main socket \n");
WSACleanup () ;
return SOCKET_ OK;

Peagizanist kjienra:

#include "stdafx.h"

#include <winsock.h>

#pragma comment (1lib, "wsock32.1ib")

#define CS ERROR 1
#define CS_OK 0

int tmain(int argc, _TCHAR* argv[])
{
WORD version;
WSADATA wsaData;
int result;
version = MAKEWORD (2,2);
WSAStartup (version, (LPWSADATA) &wsaData) ;

LPHOSTENT hostEntry;
hostEntry = gethostbyname ("127.0.0.1");
if('hostEntry)

{
printf ("%s", " >>> ERROR (hostEntry NULL) \n");

WSACleanup () ;
return CS ERROR;
}

SOCKET theSocket = socket (AF INET, SOCK DGRAM, O0);
if (theSocket == SOCKET ERROR)

{
printf ("%$s", "™ ERROR (don't create socket)\n");

return CS ERROR;

printf ("%s", " >>> Create socket \n");

}

SOCKADDR IN serverInfo;

serverInfo.sin family = AF INET;
serverInfo.sin port = htons(8888);
serverInfo.sin addr.s addr=inet addr("127.0.0.1");

while (1)
{
char send buf[1000] = "";
char recv_buf[400] = "";
printf ("\nWrite message: ");
scanf ("%s", send buf);
if (!strcmp(&send buf[0],"quit")) break;

sendto (theSocket, &send buf[0], strlen(&send buf[0]),0,



45

(sockaddr *)
&serverInfo,sizeof (serverInfo));

sockaddr in server_ addr;
int server addr size=sizeof (server addr);
int n=recvfrom (theSocket, &recv buf[0], 999, 0 ,
(sockaddr *) é&server addr, &server addr size);
if (n::SOCKET_ERROR)
{
printf ("recvfrom() error: $d\n",WSAGetLastError());
closesocket (theSocket) ;
WSACleanup () ;
}
recv_buf[n]=0;
printf (" Answer from Server: %s",&recv_buf[0]);

}

closesocket (theSocket) ;

printf ("%s", " >>> Close socket\n");
WSACleanup () ;

char a[1007];

scanf ("%s", a);

return CS OK;

5.1.2 Ilpuxkaan podoru (st UNIX nmoaioHux cucrtem)

IIporpamma sender:
#include <sys/types.h>
#include <sys/socket.h>
#include <netinet/in.h>

char msgl[] "Hello there!\n";
char msg2[] = "Bye bye!\n";

int main ()
{
int sock;
struct sockaddr in addr;

sock = socket (AF_INET, SOCK DGRAM, O0);
if(sock < 0)
{

perror ("socket");

exit (1) ;
}
addr.sin family = AF INET;
addr.sin port = htons(3425);
addr.sin addr.s_addr = htonl (INADDR LOOPBACK) ;
sendto (sock, msgl, sizeof (msgl), O,

(struct sockaddr *) &addr, sizeof (addr)):;

connect (sock, (struct sockaddr *)&addr, sizeof (addr));
send (sock, msg2, sizeof (msg2), 0);

close (sock);
return O;
IIporpamma receiver:

#include <sys/types.h>
#include <sys/socket.h>
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#include <netinet/in.h>
#include <stdio.h>

int main()
{
int sock;
struct sockaddr in addr;
char buf[1024];
int bytes read;

sock = socket (AF _INET, SOCK DGRAM, O0);
if (sock < 0)
{
perror ("socket") ;
exit (1) ;
}

addr.sin family = AF INET;

addr.sin port = htons(3425);

addr.sin_addr.s_addr = htonl (INADDR ANY);

if (bind(sock, (struct sockaddr *)&addr, sizeof (addr)) < 0)
{

perror ("bind") ;
exit (2);
}

while (1)

{
bytes read = recvfrom(sock, buf, 1024, 0, NULL, NULL);
buf [bytes read] = '\0';
printf (buf);

}

return O;

5.2 3aBnanus

Hamucatu kiieHT-cepBepHU 3aCTOCYHOK, KOTpHUH Oy/e mpartoBaTd 3 jaTa-
rPaMHUMHU COKETaMHU.

JI71st cTyAEHTIB KOTPl XOUyTh OTPUMATH BIIMIHHY OI[IHKY: KJII€HT OBUHEH Ha-
nicnatu uyucio Big 1 go 10, a y BIAMOBIAE BiJ cepBepa OTPUMATH CTUILKU MOBIIOM-
JIEHb, CKUTbKU OYJI0 BKa3aHO KJIIEHTOM;

5.3 KoHTpOJIbHI NUTaHHSA

1. Onumite mpuHIKUO POOOTH AaTarpaMHUX COKETIB?

2. B yomy momsirae pisHUIM MIXK JaTarpaMHUMH COKETaMH 1 TOTOKOBUMHU?
3. Ha3pith GyHKIIIT 1)11 OTpUMAaHHS 1 BIJIIPABJICHHS MOBIIOMJICHb?

4. SIki mosst MicTUTh CTpyKTypa sockaddr?
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6 TABOPATOPHA PABOTA Ne 6
JOCIIITZKEHHA POBOTH ACUHXPOHHHUX COKETIB

Meta po6oTH: BUBUYCHHSI pOOOTH ACMHXPOHHUX COKETaMHU B PEXHMI MOTOKIB
BUKOHAaHHS, TOOTO B PEXHUMI, KOJU poOOTa 3 KOXKHUM KIIEHTOM HPOBOJIUTHCS B
OKpPEMOMY CEPBEPHOMY MOTOLII.

6.1 TeoperuuHi BitomocTi

SIx BM mam’siTaeTe, CAHXPOHHI COKETH 3aTPUMYIOTh YIIPABIiHHSI HAa 9aC BHUKO-
HaHHS OINEpaIlifo, B CBOIO YEPry acCHHXPOHHI MOBEPTAIOTh YIIPABIIIHHS, ajie POJIO0B-
KYIOTh poOOTY B (DOHI1 Ta MicJid 3aKIHYEHHS MOBIJOMIISIIOT TIPO LIE.

VY BHUMANKy 3 CHHXPOHHHUMHU COKETaMH CEpBEp MPHUIHSIBIINM HOBOT'O KJIEHTA
npairoe 3 HUM (OOMIHIOEThCS 1H(POPMAITIE€I0), aJie THII KIIEHTH YeKaloTh B Uep3i, Mo-
KU CepBEp HE 3aBEPIINTH POOOTY 3 ITUM. ACHHXPOHHI COKETH IPAIIOIOTh MapajieIbHO
- BUTATYE KIIE€HTA 3 Yeprd, MOPOKYE IMOTIK/TIPOIEC, Mepeaac HoMy IECKPUIITOP
KJIl€HTA (KOTpUH moBepHYa QyHKIis accept), uel moTik/mpoiiec MoYrnHae mpaltoBa-
TH B (DOHI, B CBOIO UEPr'y CepBEp 3HOBY BUTATYE HOBOT'O KJIIEHTA 3 YEPTH 1 TaK Jai.

ACHHXPOHHI COKETH CJIiJl BAKOPUCTOBYBATH TaM, JI¢ € BEIMKE HABAHTAKCHHS
py nepeaadi JaHux.

Peaizariss mporpaMHOi 9YaCTHHU 3aJIMIIAETHCS TAKOKO XK K 1 MPU CHHXPOHHUX
coHeTaX. BUHATKOM € Te, o Mu o0po0roemMo iH(opmallio B MOTOIT, a caMe, BUTST-
HYBIIIM 3aITUT BiJl KJIIEHTA 3 YEPrH, MU TIEPEIAEMO HOro AECKPUNTOP B (DYHKIIIFO, KOT-
pa BUKOHY€ETHCS B MOTOII.

6.1.1 TexkcT mporpamu

Peanizauisi cepBepa:

#include "stdafx.h"

#include <winsock?2.h>

#include <conio.h>

#include <process.h>

#pragma comment (1ib, "wsock32.1ib")

#define SERVER SOCKET ERROR 1
#define SOCKET OK 0

char buffer[]="ANY DATA";
char recv _buf[1000];

void MyFunction( void* Arg )
{
SOCKET Client=(* (int *)Arg);
recv (Client, recv_buf,1000,0);
printf (" = Message from client: %s\n", &recv_buf[0]);
send(Client, recv_buf,1000,0);
_endthreadex (0) ;
}

int tmain(int argc, TCHAR* argv[])
{

int result;

WORD sockVersion;
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WSADATA wsaData;
sockVersion = MAKEWORD (2, 2);
WSAStartup (sockVersion, &wsaData);

sockaddr in sin;

sin.sin family = AF INET;

sin.sin port = htons(8888);
sin.sin_addr.s_addr = INADDR ANY;
int size sin=sizeof(sin);

SOCKET Client;

SOCKET s = Socket(AF_INET, SOCK_STREAM, 0);

if(s == INVALID SOCKET)

{
printf ("%s", "ERROR (don't create serrver)\n");
WSACleanup () ;
return SERVER SOCKET ERROR;

else

printf ("%s", "™ >>> Create socket \n");

}

result = bind (s, (LPSOCKADDR) &sin, sizeof(sin));

if (result == SOCKET ERROR)
{
printf ("%s", "ERROR (don't associates a local address
with a socket)");
WSACleanup () ;
return SERVER SOCKET ERROR;
}
else
{
printf ("%s", " >>> Associates a local addres with
a socket\n");
}
result = listen(s, 5);
if (result == SOCKET ERROR)
{
printf ("%s", " ERROR (don't listen a socket )\n");
WSACleanup () ;
return SERVER_SOCKET_ERROR;
}
else
{
printf ("%s", " >>> get socket to listen \n");
}
while (1)

{
Client=accept (s, (struct sockaddr*)é&sin, &size sin);
_beginthread (MyFunction, 0, (void *)&Client);

}

closesocket (s);

printf ("%s", " >>> Close main socket \n");
WSACleanup () ;
getch ()

return SOCKET OK;
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Peagizanist kiienra:

#include "stdafx.h"
#include<conio.h>

#include <winsock.h>
#include<process.h>

#pragma comment (1ib, "wsock32.1ib")

#define CS_ERROR 1
#define CS OK 0

char send buf[1000]

wn o,
’

char recv_buf[1000] = "";

void MyFunction (void * Arg)

{

}

while (1)

{
int Socket=(* (int *)Arqg);
send (Socket, send buf,1000,0);

int n = recv(Socket,recv_buf,1000,0);
recv_buf[n]=0;

printf (" Answer from Server: %s",&recv _buf[0]);
printf ("\n");

}
_endthread() ;

int tmain(int argc, _TCHAR* argv[])

{

WORD version;

WSADATA wsaData;

int result;

version = MAKEWORD (2,2);

WSAStartup (version, (LPWSADATA) &wsaData) ;

LPHOSTENT hostEntry;

hostEntry = gethostbyname ("127.0.0.1");

if ('hostEntry)

{
printf ("%s", " >>> ERROR (hostEntry NULL) \n");
WSACleanup () ;
return CS ERROR;

}

SOCKET theSocket = socket (AF INET, SOCK STREAM, O0);

if (theSocket == SOCKET ERROR)

{
printf ("%$s", " ERROR (don't create socket)\n");
return CS_ ERROR;

printf ("%s", " >>> Create socket \n");

}

sockaddr in serverInfo;

serverInfo.sin family = AF INET;

serverInfo.sin addr = *((LPIN_ADDR) *hostEntry->h addr 1list);
serverInfo.sin port = htons(8888);

result=connect (theSocket, (LPSOCKADDR) &serverInfo,

sizeof (serverInfo));
if(result::SOCKET_ERROR)
{
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printf ("%s", " ERROR (don't connect to Server)\n");
return CS_ERROR;
}

else

{

printf ("%s", " >>> Connect to Server\n");

}

printf ("\nWrite message: ");

scanf ("%s", send buf);

_beginthread (MyFunction, 0, (void *)&theSocket);
char a[100];

scanf ("%s", a);

return CS_OK;

6.2 3aBnaHHA

Hanucatu kii€eHT-cepBepHUI 3aCTOCYHOK, KOTpHiIl OyJlie mpaiioBaTH 3 MOTO-
KOBHMH a00 JaTarpaMHUMH COKETaMHU B aCUHXPOHHOMY PEXHMI.

JI1g CTYIeHTIB KOTPl XO4yTh OTPUMATH BIIMIHHY OIIIHKY: KJIIEHT TIOBUHEH Ha-
JiciaTH AKUWch (haiil, HapuKiIag pUCYHOK. 3ajada cepBepa, 30eperty Horo B mariii,
3 Ha3BOIO sIKA BIJMOBIAA€E JaTI MPUHHATTS daiiny,

6.3 KoHTpoJIbHI NUTAHHS

1. o Take COKET, sIKi € TUIIA Ta BUJIU COKETIB?

2. B gomy monsrae pizauis Mixk WInsock ta cokeramu, KOTpi BUKOPHCTOBY-
101best B UNIX noniOnux cucremax?

3. Sxi ¢pyHKIIIT MOTPiOHO BUKOPUCTOBYBATH MPH POOOTI 3 MOTOKaMu?

4. Komu 6a)kaHO BUKOPHUCTOBYBATH aCHHXPOHHI cokeTu? YoMy BU Tak BBaXKa-
ere?
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7 CAMOCTINHA POBOTA

7.1 Meta Ta 3aBIaHHA JUCHUILTIHA

Metow BUKIAJEHHS NUCHUILTIHU «TeXHOJOoril Ta CHCTEeMH KOMYHIKAIlli» €
3’scyBaHHs NpoOJeM pO3pOOKU TEIEKOMYHIKAIIMHUX CHUCTEM 3 BUKOPUCTAHHS CY-
YacHUX 1H(GOPMALIMHUX TEXHOJOTIH Ta opraHizauii B3aeMoJil TeIEeKOMYHIKalliHHUX
cucTeM 3 iH(OpMaLIMHUMU CUCTEM aMH.

[Ticyist BUBYEHHS AUCHUTIIIHU CTYJCHTH TTOBUHHI 3HATH:

— OCHOBHI MPUHLHUIK T0OY10BU Mepexx SDH, piBHI TpaHCHOPTHOT MEPEXKI;

— no0ynOBY LUKJIB Mepeaaydl CHHXPOHHUX TPAHCHOPTHUX MOAYJIIB;

— CTPYKTYpPY 3arojoBKiB Ta MOKA3HUKIB LUKIIIB Iepeaayl, alropuT™ nody10Bu
nukiy nepefadi curiany STM-N;

— cKy1aj; 6a30BOr0 MYJIBTHUIIJIEKCOPA Ta HOTO CTPYKTYPHY CXEMY,

— 0COOJIMBOCTI CHHXPOHHHUX U(PPOBUX CUCTEM Iepe/iadi;

— CTPYKTYPY 1 OCHOBHI TapamMeTpu CHHXPOHHUX JIIHIHHUX TPAKTIB;

— MPOCTI, HIUThHI Ta BUCOKOIIIBHI cucTeMHu nepenaui WDM,;

— tomoJiorito mepexx SDH,;

— apxXiTeKTypy 0e3MpPOBOAOBUX JIOKATbHUX MEPEK;

— apXiTEeKTypy 1 MPUHIIUIN (PYHKIIOHYBAaHHS MOOIJTBHUX MEPEK;

VY pe3ynbpTari OnmaHyBaHHsS HaBYAJIbHOKI JIHUCIUILIIHOK CTYAEHTH ITOBHHHI
BMITH:

— pO3pO0JIATH CTPYKTYPHI CXEMHU Ta MPOrpaMyBaTH TEICKOMYHIKaIlliHI CUCTe-
MU,

— MpOrpaMyBaTH TEJIEKOMYHIKAIIiHI TPUCTPOI;

— JOCTDKYBAaTH (DYHKIIIOHYBAHHSI TEICKOMYHIKAIIHHUX MMPUCTPOIB Ta MEPEK;

— 3HATH OCHOBH TEJICKOMYHIKAI[IMHUX TEXHOJIOT1H.

3HaueHHsl JUCUUIUIIHYU A peaiizalii BUMOr KBaji(dikaiiiiHOI XapaKTepuCTH-
KM (paxiBId Ta BUBUYCHHS HACTYMHUX TUCIUILUIIH MOJISITAE B TOMY, IO JHUCIUILIIHA
OXOIJTIOE MIUPOKE KOJIO MUTaHb, OB’ I3aHUX 3 PO3POOKOI0, IPOTpaMyBaHHSM Ta JOC-
JHKEHHSM TeJIEKOMYHIKaliHHUX CUCTEM 1 TEXHOJIOTIH.

7.2 3mMicT I CUMILTiHT

3microBuii Mmoayab 1. 3arajbHa XapakTepuCTHKa TPAHCHOPTHOI Mepexi
nepeaavi 1aHux

Tema 1. Beryn B cuctemu nepeaadi ta mepexi SDH

[Ipenmet Ta 3aBnanHs Kypcy « TexHounorii Ta cucreMu KOMyHikauiiy. Meta Ta
3aBHaHHA Kypcy «TexHoisorii Ta cucTeMH KOMYHiKaulii». OCHOBHI HOHSTTA Ta
Bu3HaueHHA. OCHOBHI mpuHIUNU oOynoBu Mepexx SDH. PiBHI TpancmoprtHOi Me-
pexi.

Tema 2. OcHoBu no0y10BU cucTemu nepexaqi SDH

Cknan, mpu3HaYeHHs Ta MOXKJIMBOCTI OCHOBHOro o6OiagHaHHs. IloOymoma
LUKJIB Mepeaadl CHHXPOHHUX TPAHCHOPTHUX MOAYJIB. EeMeHTH CTpyKTypH LMKJIIB
nepenayi. CTpyKTypa 3aroyioBKiB Ta MOKa3HHUKIB LIUKIIB mepenayl. AIropurM mnooy-
JOBH IIUKITy Tiepeaadi curaany STM-N.
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3micToBuii MmoayJib 2. MyJbTHIZIEKCYBAHHS IIU(POBUX MOTOKIB

Tema 3. Ilo0y10Ba CHHXpOHHHMX MYJIbTHILIEKCOPIB

OcobmuBocTi modynoBu. Ckian 6a30BOro MyJbTUILIEKCOPA Ta HOTO CTPYKTYP-
Ha cXema.

Tema 4. IlopiBHSVIbHUH aHAJII3 MJIE3I0XPOHHUX Ta CHHXPOHHUX HU(POBHUX
CHCTeM Iepenavi

[Ine3ioxponni uudpoBi cucteMu nepenadi 1 ix iepapxis. OcoOIUBOCTI CHUH-
XpoHHUX IU(ppoBUX cucteMm mnepenadi. [lepeBaru cucrem nepenaui ta mepexx SDH
nepes mie3ioXpoOHHUMH 1T (PPOBUMH CHCTEMaMU Tiepeadi.

Tema 5. Oco0nBOCTI MOOY10BU CHHXPOHHUX JIIHIHHUX TPAKTIB

CtpykTypa 1 OCHOBHI MapamMeTpu CHUHXPOHHUX JIHIHHHUX TpakTiB. ONTHUYHI
cekmii 1 X mapamerpu. OJHOMOMOBI ONTHYHI BOJIOKHA 1 ix mapameTpu. llepemada
CUTHAJIIB MO ONTHUYHUM BOJIOKHAM. 3aTyXaHHS ONTUYHMX cUTHaNiB. [{ucmepcis orn-
TUYHUX curHamiB. [Io0ynoBa ONTUYHUX TIepeaTINKIB Ta TPUHMAYUIB.

Tema 6. XBWIbOBE MYJIbTHILIEKCYBAHHSI ONITHYHUX CUTHAJIIB

[Ipocti, miinbHl Ta BUcokomIbHI cuctemu nepenadi WDM. CrpykrypHi
CXeMU TMpUHUMaIbHO-TIEpEIaBATbHUX TPAKTIB. BOJOKOHHO-ONTHYHI MiJICHIIOBAYl 1 iX
3aCTOCYBaHHS B JIIHIMHUX TPAKTaX.

Tema 7. OcHoBu nodyaoBu Mepexk SDH Ta ynpaBainHsg HUMEI

Tomnonoriss mepex SDH. Apxitekrypa mepexx SDH. OcHoBu mpoekTyBaHHS
mepexxk SDH.

3micToBuii MmoayJib 3. Mepe:xi 6e3npoBoI0BOro J0CTYMy

Tema 8. be3npoBox0Bi J10KaNBLHI Mepexki

3aransHi Bimomocti npo WLAN. ApxiTektypa 0e3ApOTOBHX JIOKaJbHUX Me-
pex. Binomocti nipo ¢pynkiionyBanus WLAN. TexHonorii MHOXUHHOT'O JIOCTYNy B
WLAN. Paniorexnonorii ¢pizuunoro pisHs WLAN crangapty IEEE 802.11.

Tema 9. be3npoBo10Bi NepcoHATBHI Mepeki

3arajibHi BiIOMOCTI TIpO O€31pOTOBI MepcoHa bHI Mepexi. Bluetooth texmo-
noris. [lepconanbni mepexi crangaptry IEEE 802.15.3. IlepconanbHi Mepexi 3 HU3b-
KOIO IIBUJIKICTIO epenavi nanux (ZigBee mepexi).

Tema 10. Mepeki IIHPOKOCMYTroBoro 0e3poToBOro JA0CTyNmy ciMeicTBa
cranpaprtiB IEEE 802.16

CimeiictBo crangapriB WiMax. MAC-piBenp cranmapty IEEE 802.16-x.
®iznunuii piBenb cnenudikaiii WirelesSMAN-SC. ®isuynuii piBeHb cnernudikarii
WirelessMAN-OFDM.

3microBuii MmoayJib 4. Mepexki MOOLIBLHOIO 3B’ SI3KY

Tema 11. Cuctema mobiibHoro 38°si3sky GSM

Apxitektypa 1 npuHiunu ¢pyaxkuionyBanas GSM. [lpunnunu opranizamii xa-
HaniB B cucreMi GSM. Apxitektypa paniointepdeticy B cuctemi GSM. Ilpouenypu
Gbi3u9HOr0 Ta KaHAIBHOTO PiBHIB B cucTemMi GSM.

Tema 12. YHiBepcaabHa cucteMa Mo0iibHOT 0 3B’s13Ky UMTS

Apxitektypa 1 npuHuunu QyskiionyBanss UMTS. [lpunuunu opranizamii
kaHaniB B cucteMi UMTS. Apxitektypa pagiointepdeiicy B cucremi UMTS. Tlpore-
nypu ¢izuanoro piBHsa B cuctemi UMTS.

Tema 13. ApxitekTypa i pagiointepdeiic CDMA2000
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[lepmmii cTanmapT CTIIBHUKOBOTO 3B’si3Ky Ha 0a3i Texnosorii CDMA 1S-95
(cdmaOne). Pagioiatepdpeiic CDMA2000. Opranizamis  Qi3u4HAX  KaHAJTIB
CDMAZ2000. Penizu CDMAZ2000.

Tema 14. Apxitektypa cranaapty LTE (4G)

ApxitekTypa Mepexi Ta npotokoiu. Texunornorii OFDM, MIMO. Ominka ka-
Haiy. Ananraris. KananpHe Ko TyBaHHsI.

3microBuii MoayJib S. OCHOBH Teopii cucTeM aBTOMATHYHOI' O YIIP ABJIiHHA

Tema 15. 3aranbHi BizoMmocTi npo cucteM aBTOMaTHYHOI' 0 YIIPABJIiHHA

Bunu cucrem aBTOMaTHYHOTrO yrpapmiHHA. [Iporpamu i anropuTtMu ynpasimiH-
HSI.

Tema 16. Be3nepepBHi JdiHiliHI cHCTeMH aBTOMaTUYHOT 0 YIIPABJIiHHA

Jlineapu3ariiss qudepeHIliiHUX PIBHIHb CUCTEM aBTOMATUYHOI'O YIPAaBJIIHHS.
JuHamiuHl JaHKW 1 iX xapakrepucTukd. CKIagaHHS BUXIIHUX AU(epeHIiiiHux
PIBHSIHb CUCTEM aBTOMAaTHYHOTO yrpaiiHHs. Kputepii ctifikocTi. [loOyagoBa kpuBoi
MEPEeXITHOrO MPOIIECYy B CHUCTEMaxX aBTOMATHYHOrO yrpaBiaiHHA. OIiHKa SKOCTI
ynpaBiiHHA. Bumaakosi mpoiecu B CHCTEMaxX aBTOMATUYHOTO yITPaBJIIHHS.

Tema 17. Jliniiini xucKpeTHi cucTeMHu

ImnynecHi cuctemu. Ludposi cuctemu.

3microBuii Mmoay/b 6. HesiHiliHi, onTHUMAJbHI Ta aJaNTUBHI CUCTEMHU aB-
TOMATHYHOI0 YIIPABJIiHHS

Tema 18. HeJtiHiliHi cucTeMH aBTOMATHYHOI 0 YIPABJIiHHSA

CknagaHHsi piBHSIHb HENIHIMHUX CHUCTEM aBTOMATHMYHOTrO YyMpaBiiHHSA. TouHI

METOAN JOCIIIKEHHS CTIMKOCTI Ta aBTOKOJMBaHb. HaOamykeHl METOIHU JOCHIHKEHHS
CTIMKOCTI Ta aBTOKOJHMBaHb. Bunaakosi mpoiecu B HENiHIHHUX cucreMax. HeminiitHi
JUCKPETHI CUCTEMH.
Tema 19. OnTuMainbHi i a1aNTUBHI CHCTEMH aBTOMAaTUYHOI0 YIIPaBJIiHHSA
OnTuMalibHI CUCTEMU. ATaITUBHI CUCTEMHU.

7.3 Po3noain 06'emy camocTiiiHOI podoTH
Poznoain 06’emy camocTiiiHUX poOIT BKa3aHo y Tabsmui 7.1.

Tabmuusg 7.1 — Po3noain 00’eMy caMOCTIHHUX poOIT IO BUAY POOIT

Ne Kinbkicthb
Ha3zBa temu
3/1 TOJIUH
1 | 3acBo€HHs JICKIIHHOTO MaTepiamy 20
2 | [linroroBka 10 1a00paTopHUX POOIT 20
3 | IlinroToBka 3BiTiB 11O TaOOpaTOpHUM POOOTaM 20
4 Pobora 3 METOOMYHHMMH BKa31BKaMH, OCHOBHOIO Ta JOJAaTKOBOIO 20
JITEPATypOIO
Pazom 80

7.4 Ex3ameHaniiiHi NMTaHHA

1. OcHoBHi npuHIKUIH MOO6Yn0BU Mepex SDH.

2. Ckuiaji, mpyu3HAaYEHHS Ta MOXKJIMBOCTI OCHOBHOT'O OOJIa/IHAHHS CUCTEM Iepe-
nmaul SDH.
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3. [TobynoBa muKIIiB epeaadi CHHXpOHHHUX TPAHCIIOPTHUX MOJYIIIB.

4. EneMeHTH CTPYKTYpH LIUKIIIB TIepenadi.

5. [ToGynoBa CHHXpOHHUX MYJbTHILIEKCOPIB. OCOOIMBOCTI TOOYTOBH.

6. Cxiiag 6a30BOro MyJIbTUILIEKCOPA Ta MOTO CTPYKTYpHA CXEMa.

7. I1ne3ioxpoHHi U(GPOBI CHCTEMU Tepeadi 1 iX iepapxis.

8. IlepeBaru cucrem nepenadi Ta mepexx SDH nepen miie3ioxponaumu mudpo-
BUMU CHCTEMaMHM Tepe/iadi.

9. CTpyKTypa 1 OCHOBHI MapaMeTpy CUHXPOHHUX JIHIMHUX TPAKTIB.

10. OnrTryHi cekIii 1 iX mapaMmeTpu.

11. OnHOMO10B1 ONTHYHI BOJIOKHA 1 X MMapaMeTpH.

12. llepenada curHasiiB Mo ONTUYHUM BOJIOKHAM.

13. 3aTyxaHHs ONTUYHUX CUTHANIB. [ucriepciss ONTUYHUX CUTHAIB.

14. IToGynoBa oNnTUYHUX MEPEAATUYMKIB Ta TPUHMAaUiB.

15. Tpocri, miJIbHI Ta BUCOKOUIIIBHI cuctemu niepeaaui WDM.

16. CTpyKTypHi cCXeMHU pUHMalIbHO-TIEPEIaBaIbHUX TPAKTIB.

17. Tomomorist mepex SDH.

18. Apxitekrypa mepex SDH.

19. MHOXUHHUN OCTYN 3 YaCOBUM, YaCTOTHUM 1 KOJOBUM PO3AIJICHHSIM Ka-
HaiiB. CTpyKTypHa cxema CHUCTEMHU O€3IpOTOBOro AOoCTymy. AyTeHTUdikamis Ta
ineHTudikaris.

20. OpTOroHaIbHO-4aCTOTHE MYJbTUILIEKCYBaHHS. 3aBMUpPAHHS CUTHAIIB Y
pajiioKaHalax.

21. be3apoToBi NoKaIbHI Mepexi. ApXiTeKTypa Mepexi. Pi3HoBuaM cTanaapty
IEEE 802.11. Yacrotuuii giama3on. lIBuakocti nepenayi. JJanbHIicTh 3B'513Ky. MHO-
KUHHUN TOCTYN 3 KOHTPOJIEM HECY4Oi 1 BUSABJICHHSIM KOJI31H.

22. Ctpyktypa MAC-kaapy. Ocob6muBocTi moOya10BH Pi3UUHOTO PiBHSL.

23. Mepexi Bluetooth. Apxitektypa mepexi. Kiacu moTyxHOCTI TIpUCTpPOIB.
Yactoruuit mianaszon. llIBuakocti nepemaui. CtpubkonoaioHa 3miHa 4yacTotd B (i-
3MYHUX KaHajaX. CTpyKTypHa cXxema CUCTEMHU 0e31pOTOBOIO JOCTYIY.

24, MHOXWHHUN TOCTYT 3 KOAOBUM PO31JIEHHIM KaHAIB.

25. IlepconanbHi Mepexi 3 HU3bKOI MBHIKICTIO Tiepeaadi Zig Bee. Tomooris
Mepexi.

26. ®i3uuHUN piBeHb. MHOXUHHUMA JOCTYN 3 KOJOBUM PO3IiJICHHSM KaHaiB.
Camooprasnizairisi Mepexi.

27. Mepexi MUPOKOCMYToBOro Oe3nporoBoro goctyny cranaapry IEEE
802.16. PiznoBuam cranmapry. /[liamazonu wuactor. IlIBuakocti mepemadi iH-
dopmarnii. Pi3HOBHAM BHUKOPHUCTOBYBAaHUX MOAYJAMid. OpTOroHaaIbHO-4YaCTOTHE
MYJIbTUIIJICKCYBaHHSI.

28. ®izuunuii piBeHb. Texuonoris MIMO. Smart-antenu. Apxitektypa Me-
pexi.

29. Cranpapt GSM. Apxitektypa mepexi. [Ipunuun pobotu mepexi. HacToT-
HuM nianasoH. KnactepHa crpykrypa mepexi. Kinacu moTyKHOCTI MOOUTBHUX MpH-
CTpoiB. MeTon 10CTyny B MEPEXKI.

30. 3aBMupanHns curHainib. CTpykTypa MoOUIbHOI cTaHMii. CTpykTypa 0a30B0i
ctaHuii. AHTeHH1 cuctemu. Poyminr. Xenmgosep.
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31. ApxiTtekTypa cuctemu MobimbHOTrO 3B's13ky UMTS. ApxiTektypa mMepexi.
(Po3pobku 1994 p., 2004 p., 2007 p.). [Ipunuun podotu Mepexi.

32. JloriuHi Ta TpaHCIOPTHI KaHAaJIH.

33. PiznoBuau crangaptis CDMA.

34. 3aranmpHa xapakTepucTHKa pagioinrepdeiicy 1S-95.

35. Xapakrepuctuka i npuHuumn naii ¢izuyHoro piBHA ctanmapty I1S-95 (mps-
MU 1 3BOPOTHHUM KaHa).

36. Apxitektypa mepexi 1S-95.

37. 3aranbHa xapakTepuctuka pagioinrepdericy cdma2000.

38. ®i3uunwmit pisens cdma2000.

39. Buau cucteM aBTOMaTUYHOTO ynpaBiaiHHsA. CTPYyKTypHa cXeMa CUCTEM aB-
TOMAaTUYHOTO ynpapiiHHsA. JIiHIHHI Ta HEMHINAHI CHCTEMH aBTOMATUYHOTO YITpaBJIiH-
HSl.

40. Cxnagnuit 00'ekT. AHaJII3 €TaniB YIPaBJIIHHS CKIaJHUMH 00'€KTaMu.

41. CTpykTypHa cXxema CUCTEMH ajanTailii (mapaMmeTpuyHoi 1 CTPYKTYpPHOI).

42. Metoa MofetoBaHHs CKJIaAHUX mporieciB MonTte-Kapiro.

43. I'pamieHTHUI METOJ] BUIAIKOBOTO MOIIYKY B 3aJadyax OMTHMi3allii mpo-
MPOIIECIB aJamnTarlii.
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