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1 JABOPATOPHA PABOTA Ne 1
MOIEJIFOBAHHA JIOKAJIBHOI MEPEXI

MeTta po60OTH: BUBUYUTH MOXKIUBOCTI CHCTEMH MOJICITIOBAHHS JIOKAJIBHOT Me-
pexi Packet Tracer, cTBOpUTH MOJCITB JOKAJIBHOT MEPEXKi Ta MEePEeBIpUTH 11 mparie3/ia-
THICTb.

1.1 TeopeTu4ni BizomocTi
1.1.1 Packet Tracer

Packet Tracer — Ge3KOIITOBHUN EMYJISTOP MEPEKEBOIO CEPEAOBUINA, IO BH-
nyckaetbes ipmoro Cisco. J{o3Boisse poOMTH Ipale3aaTHi MOAEIl Mepeki, Hajgaro-
mxyBatd (komangamu CISCO 10S) mapuipyTtuzatopu 1 KOMyTaTOpH, B3a€EMOJISITH
MDK JEKUJTbKOMa KOPUCTyBayaMHu.

Bxittouae cepii mapmipytusaropis Cisco 1800, 2600, 2800 i komyTtaTopis 2950,
2960, 3650. Kpim Toro € cepsepu DHCP, HTTP, TFTP, FTP, TIME, po6oui craniii,
pi3HI MOAym 10 KOMI'IOTepiB i mapmpyrtu3atopiB, mpuctpoi Wifi, pisHi kabeui.
VYceninmHo A03BOJIsSE CTBOPIOBATH HABITH CKJIAJIHI MaKETH MEPEXK, MEePEBIpSITH HA Tpa-
[€31aTHICTH TOHOJIOTI.

1.1.2 OcHoBHi cepBepu Packet Tracer

DHCP (anrn. Dynamic Host Configuration Protocol — mpoTtokosn muHaMigHOT
KOH(irypaiiii By3jia) — 116 MEPEKEBUN MPOTOKOJ, 110 JI03BOJISIE KOMI'IOTEpaM aBTO-
MaTHYHO OTPUMYBATH IP-aJipecy 1 iHII mapaMeTpy, HEOOXiaHI At poOOTH B MEpexi
Tcp\ip. JlaHuii mMpoOTOKOJ MPAIOE O MOAE «KJIieHT-cepBepy». i aBTOMATHYHOT
KOH(Diryparrii KoMI'toTep-KIleHT Ha eTari KOH(Irypali MepekeBoro mpucTporo 3Be-
pTaeThes 10 Tak 3BaHoro cepsepa DHCP, 1 orpumye Bij HbOro MOTPIOHI MapaMeTpH.
MepexeBuit aiMIHICTpAaTOP MOXKE 3aJaTH Jiana3oH aJpec, M0 PO3NOAUISIIOTECS cep-
BEpPOM cepel KoMIT'toTepiB. Lle 103BosIsie yHUKHYTH pyYHOTO HaJIAIITYBaHHS KOMIT'TO-
TEpiB MEPEXi 1 3MEHIIye KUTbKicTh ToMIIIOK. [IpoTtokon DHCP BukopucToBy€eEThHCS B
OumpIIocTi Benmukux (1 He ayxe) mepex Tcp/ip.

HTTP (Bix anrn. Hypertext Transfer Protocol — «mpoTokon mepeaadi rinep-
TEKCTY») — MPOTOKOJ MPHUKIIAJHOTO PIBHS Mepeaadi JaHuX (CIovYaTKy — y BUIJISIL
rinepTekcToBuX A0KyMeHTIB). OcHoBotO HT TP € TexHosOTIs «KIT1€HT-CepBEP», TOOTO
nependayaeThCs ICHYBaHHS CIIOXKMBaviB (KJIIEHTIB), sIK1 1HILIIOIOTH 3'€IHAHHS 1 TOCH-
JAI0Th 3aIUT, 1 MOCTAYAJIbHUKIB (CEpBEPIB), K1 YEKAIOTh 3'€JHAHHS JUIsl 3100y TTS 3a-
MUTY, BUPOOJISIOTh HEOOX1AHI A1 1 MOBEPTAIOTh Ha3aJ| MOBIJOMIICHHS 3 PE3YJIbTaTOM.
HTTP na nanuit yac cKkpi3b BUKOPUCTOBYETHCS B BCeCBITHIN MaByTHHI IJIs1 3A00yTTs
iHpopmartii 3 BeO-caittiB. Y 2006 poui B [liBHiuHil AMepurii goss http-tpadiky me-
peBuIIIIa 10110 P2p-Mepex 1 ckiana 46%, 3 SKUX MaiKe IMOJ0BHHA — IIe Mepeaada
MMOTOKOBOTO BIJICO 1 3BYKY.

OcHoBauM o0'ektom Maninmysiuii B HTTP € pecypc, Ha sikuit Bkazye URI
(aurt. Uniform Resource Identifier) B 3anuTi kiieHTa. 3a3Bu4aii TAKUMH PECYpCaMU €
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daiinm, o 30epiraroThCsl Ha cepBepl, ajle HUMHU MOXYTh OyTH JIOT14HI 00'€KTH ab0
mock adctpaktHe. OcobnuBicTio TpoTokosry HT TP € MoxxiuBicTh BKa3aTu B 3amuTI 1
BIZIMIOBi/II CIIOCIO MpeacTaBIeHHST OJTHOTO 1 TOTO X pecypcy IO Pi3HHX MapaMerpax:
dbopMmarty, komyBaHHIO, MOBi. CaMme 3aBISIKH MOKJIMBOCTI 3a/IaHHS CTIOCO0Y KOyBaH-
HsI TIOBIJIOMJICHHS KJIIEHT 1 CEpBEP MOKYTh OOMIHIOBATHCS JIBIMKOBUMHU JAHUMH, XO-
qa JaHUH TPOTOKOJ € TEKCTOBHM.

DNS (auri. Domain Name System — cucrema JOMEHHUX IMEH) — KOMIT'FO-
TEepHa pO3MOJiJicHa cUcTeMa s 3100yTTs iHpopMalii npo nomeHu. Haituacime
BUKOPUCTOBYETHCS JUIS 3A00YTTSI IP-aapecu Mo iMeHi XocTa (KoMIT'toTepa abo mpu-
CTpO10), 3000y TTs iH(pOpMAIlii TPO MAPIIPYTU3AILIFO TIOMITH, OOCIYTOBYIOUNX BY3JIax
U1 TIPOTOKOJIIB B IoMeH1 (Srv-3anuc). Posmoainena 6a3a ganux DNS miarpumyeTs-
Csl 32 JIOTIOMOTOI0 iepapXxii dNnsS-cepBepiB, M0 B3aEMOMIIOTH O IEBHOMY IPOTOKOITY.
OcnoBoro DNS e ysBienns npo iepapxiuHy CTPyKTypy AOMEHHOro iM’s 1 3oHax. Ko-
KEH cepBep, 1110 BIJIMOBIIAE 3a 1M'sl, MOXKE JIeJIeryBaTH BIJIMOBIIAIBHICTD 3a MOJab-
Iy YaCTUHY JOMEHA 1HIIIOMY cepBepy (3 aaMiHICTPATUBHOI TOUYKH 30py — IHIIIHA Op-
radizamii ado JIOJWHI), IO JI03BOJISIE MOKJIACTH BIAMOBINAIBHICTh 3a aKTyaJIbHICTh
iH(dopMarllii Ha cepBepu PI3HUX OpraHizaimiil (Jirojei), 10 BiAMNOBIIAIOTH JIHIIE 32
«CBOIO» YACTUHY JIOMEHHOTO 1MEHI.

1.2 Marepiaau 1Ji51 BAKOHAHHSI POOOTH
1.2.1 Po6ota 3 Packet Tracer

Bubip HEoOX1THOTO €JIEeMEHTY MEpPEKi HEOOX1HO POOUTH B HIIKHIM MaHell
poOoyoro BikHa (pucyHok 1.1). Ha manem € rpynu npuiiais 1 ixHi Moau@ikarii.

> 1 G G GG

1541 2e20XM! 262 1KM 2811 Generic

Routers

_|g ' 4 Irr I
- Device to Drag and Drop to the W
Pucynox 1.1 — Bubip HEOOX1AHOTO €IEMEHTY MEpPexKi

Tunu kabeniB Ut 3’ ¢qHaHHA 3HAXOIATHCS Ha 11 Jke mmaHenl B 3axiami «Con-

nections». Tyt MoxHa BUOpaTH [T 3 €IHAHHS KaOesb, SKUHA HEOOXITHHUI (PUCYHOK
1.2).

T < Il C = < Vd - Ve

| Connections |

B * (o r
— jtomatically Choose Connection Ty

Pucynox 1.2 — BubGip HeoOXiAHOTrO TUITy Kabemns



1.2.2 CTBOpeHHs1 MoJeJIi Mepexi

Jlns cTBOpeHHsT Mepexi BuKopucTaHo 2 cepBepu: DNS-DHSP 1 mail,
komytarop Cisco Catalyst 2960, 10 po6oumnx cTaHIIii.

EnemenTu notpiOHO 3’€1HATH, SIK MOKA3aHO HA PUCYHKY 1.3.

Server- erver-PT
DNS_DHCP_Sersgr p_mail_server

Pucynox 1.3 — Tomosorist CTBOpeHOT Mepexi

[lix’ennani 10 Mepexi XOCTH, CepBepu abo 1HIINI E€JIEMEHTH MOTPIOHO
HajamryBatu. |P-aapecu ninsi KOMIOHEHTIB MOXHa po37aBaTH aBTOMATUYHO a0o
IIPUCBOIOBATH KOKHOMY €JIEMEHTY OKPEMO.

JIsi HaJlaroKeHHS XOCTa HEOOXIJHO KIIAIHYTH JBa Pa3d Ha HbOMY JIIBOIO
KJIaBIIIC0 MUIIKK. B BigkpuTOMy BikHI mepedTd Ha 3aknaaky «Config» i BuOpatu
TUI OTPUMaHHS Ip-aapecu (pucyHOK 1.4).

e T = e

| Physical | Config | Desktop
| Oy | 4 Global Settings
Settings X
Y ———— Display Name PC9
Algorithm Settings
INTERFACE Gateway/DNS

FastEthernet @ DHCP I

) Static

Gateway I
DNS Server

Gateway/DNS IPvi
@ DHCP

) Auto Config

) Static

IPvE Gateway
IPv6 DNS Server Ll

Pucynox 1.4 — Jlunamiune abo cTaTuyHE OTPUMAHHS aJIPECH JIJISt XOCTIB
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[Tpu BuGopi «DHSP» apnecy xocty Oyne MpUCBOEHO aBTOMAaTHYHO B 3aJI€XK-
HOCTI Bij HamamtyBanHs DHSP-ceprepy.

JIIs CTaTUYHOrO OTPUMAHHS aapecd HEOOXiTHO BIAMITUTH moiyie «Staticy,
Hanucatu gateway-aapecy (HeoOXiHa aJisi 3B’A3yBaHHS MEpPEXK, 3a3BMYail oAHa 3
BUIbHUX ajipec AaHoi migMepexi) 1 DNS-cepep. Ilicis uporo nepeiity Ha 3akiagaKy
«Desktop», BubOpatu «IP Cofigurationy», 3amoBHUTH BCi TOJS B BIIKPUTOMY BiKHI
(pucynoxk 1.5).

[ e pco

IP Configuration

DHCP reguest failed.

IP Address

Subnet Mask

Default Gateway

DNS Server

Pucynox 1.5 — Bikno st 3aganns |IP-aapecu, macku, nuirozy, DNS-cepBepy
JUTSL XOCTa

Takox motpiono HamamrtyBatd DNS 1 DHCP cepsepu, natu im HaszBu 1 IP-
aapecu. HanamryBaHHs noka3aHe Ha pucyHkax 1.6 ta 1.7.

Q DNS_DHCP_Server

Physical | Config | Desktop

GLOBAL e
Settings

Algorithm Settings DNS Service
SERVICES
HTTP Resource Records

L DhHCP Name mail.mnet A Record
TFTP

DNS

Address 192.168.73.2

Add Save

NTP
EMAIL
———
[ INTERFACE
| FastEthernet

Name Type Details
dns.mnet A Record 192.168.73.1
mail.mnet A Record

mynet SoA Mai

ns.mnet NS 192.168.73.2
www.mnet A Record 192.168.73.3

DNS Cache

Pucynok 1.6 — HanamryBanus DNS-cepBepa mepexi
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T o L mee | e

Physical | Config | Desktop
GLOBAL . DHCP
Settings
Algorithm Settings Service @ On “ Off
SERVICES ; -
HE Poal Name serverPool
DHCP Default Gateway 192.168.73.254
TFTP
= DNS Server 192.168.73.1
Start IP Address : 192 168 73 0
SYSLOG
AAA Subnet Mask: 255 255 255 0
NTP -
— ) Maximum number 200
EMAIL of Users :
FTP
—————————— TFTP Server: 0.0.0.0
INTERFACE
|—Fasifthemet Add ] I 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

Pucynox 1.7 — HanamrryBanus DHCP-cepBepa mepexi

1.2.3 lepeBipka npane3gaTHOCTI Mepexi
B pe3ysbTati BUKOHAHHS KOMaHIH PING HAa OJIUH 13 XOCTIB, OTPUMAaHUI BUBII:

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

PGBYJ'IBTaTI/I BHKOHAHHS KOMaHau tracert mis 000X cepBepiB MTOKa3aHi 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.

[TpeBipKy poOOTH Mepeki MOXKHA TaKOXK 3a JIOTIOMOT'OK0 €JIEMEHTIB (PUCYHOK
1.8) Ha OoKOBIi maHeni.
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Pucynok 1.8 — EnemenTu jy1s mepeBipku niepeaaydi makeTiB

VY maneni Ha pucyHky 1.9 Oyne 300pakeHO BUKOHAHHsS a00 HEBUKOHAHHS Te-
penadi makeTiB.

]

Fire Last Status  Source Destination Type Color Time (sec) Periodic Num Edit Delete
Successful  PC1L 192.168.73.3 ICMP . 100.000 N 0 edit
Successful  PCO DNS_DHCP_Server ICMP . 0.000 N 1 edit
Successful  DNS_DHCP_Serverhttp_mail_server ICMP . 0.000 N 2z edit
Successful  PCS DNS_DHCP_Server ICMP 0.000 N 3 edit

delete
delete

(edit) (delete]
(edit) (delete)
(edit) (delete)
(edit) (delete)

delete

Pucynok 1.9— MopentoBanHs nepeaadi NakeTiB CEPBEPIB Ta XOCTIB

1.3 3aBnanusa

1. Cxnactu Mojenb JIOKaIbHOT MEPEXKI, sika CcKiagaeThes 3 10 pobounx cran-
i, 2 cepsepis, 1 kommyratopa (Cisco Catalyst 2960).

2. 3'emHaTy MiX cO0O0I0 B3I MEPEX1 KaOeJIsIMU BUTOI MapH.

3. Hamaronutu mepexesi iHTepdeiicu pobouux craniliil 1 cepepis. i Ha-
JAIITYBaHHS BUKOPUCTOBYBATH MEPEXKY, ska Mae ip-ampecy 192.168.73.0 i macky mi-
amepexi 255.255.255.0.

4. TlepeBipuTu mpare3aaTHICTh JOKAIbHOI MEPEXKI:

5. B xomanHaHOMY psAJIKY poOOUYMX CTaHIIM BUKOHATH KOMaHJy ping Ui BCIX
po0OoYMX CTaHIIN 1 CEpBEPIB;

6. B xomanmgHOMY pSAKY pOOOYMX CTaHINM BUKOHATH KoMaHay tracert mo Bcix
CEpBEPIB;

7. BukonaTh KOMaHIy PiNg MiX JBOMa XOCTaMH.

1.4 Iuranusa

Sk nonatu eIeMeHT B MOJIETTb MEPExi?

Sxi rpynu MepeKeBUX €JIEMEHTIB ICHYIOTh B Ptracer?
Sxi Tunu crioy4HuX KabeniB iCHyIOTh B Ptracer?

Sk 3'eqHATH €JIEMEHTH B MOJICIII MEPEKi?

SIK BUKOHATH KOMaHy Ha Oy/b-sIKOMY XOCT1?

Sk cTBOpUTH crieHApiii?

JIJ1st 90T0 CIyKHUTh KOMaHa Ping?

Jl;1s 9oro citykuTh Komanja tracert?

NGO~ WDNE
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2 IABOPATOPHA PABOTA Ne 2
JIOKAJIBHI MEPEXI. POBOTA 3 VLAN

Meta po0OTH: BUBYUTH HA MPAKTHUIlI OCHOBU MOOYAOBH BIpTyaJIbHUX MEPEK
(VLAN), BUKOpPHCTOBYIOUM HaBHUKH MEPEIKEBOI apU(PMETHKH, HABUYUTHCS pO30HMBATH
MEpexy Ha MiaMepexi JOBITbHUX MAaCOK.

2.1 TeoperuuHi BitoMocTi
2.1.1 VLAN

VLAN (a06p. Bix anri. Virtual Local Area Network) — BipTyaibHa jokanbpHa
KOMIT'IOTEpHa Mepeka, € TPYIOI0 XOCTIB 13 3arajibHUM HaOOpOM BHUMOT, SIKI B3a€MO-
JUIOTh TaK, K SKOW BOHU OYyJW MiAKJIIOYEH1 JO MIUPOKOMOBHOTO JOMEHA, HE3aJIEKHO
B iX (piznuHoro micuesnaxomkeHHss. VLAN mae Ti K BJIAaCTHBOCTI, 110 1 Gi3udHa
JIOKaJdbHA Mepexka, aje J03BOJIAE€ KIHIIEBUM CTaHIISIM TPYIMyBaTHCS pa3oM, HaBITh
SKIIO BOHU HE 3HAXOJAThCA B OJIHIN (Pi3uuHii Mepexi. Taka peopraHizailisi Moxe Oy-
TH 3p00JieHa Ha OCHOBI MPOTPAMHOTO 3a0€3MeUeHHs 3aMiCTh (I3UYHOTO MEPEMIIICH-
Hsl IPUCTPOIB.

IlepeBaru:

1. TlonermyeTbcsi MEPEMIIICHHS, JOJaBaHHS MPUCTPOIB 1 3MIHA iX 3'€HAHb
OJIMH 3 OJTHUM.

2. JlocsraeThcs Benrka Mipa aJMiHICTPAaTUBHOTO KOHTPOJIIO YHACIIIOK HasB-
HOCTI MIPUCTPOIO, 110 3A1KcHI0e Mixk Mepexkamu VLAN mapuipytusanito Ha 3-M-KO/1
PIBHI.

3. 3MEHIIYEThCS] BYKUTOK CMYTH MPOMYCKaHHS B MOPIBHSIHHI 3 CUTYAII€I0 OJ1-
HOTO IIMPOKOMOBHOTO JJOMEHA.

4. Cxopouyetbcs HeBupoOHMYE BuKopucTanHs CPU 3a paxyHOK CKOpOUYEHHS
MEePECUIIKU IIMPOKOMOBHUX MTOB1IOMJICHb.

5. 3anoO0iraHHs MIMPOKOMOBHUM IITOPMAaM 1 3a1I00ITaHHS TETIISIM.

2.1.2 Ctpyxrypa IP-anpecu

Cxema MapmpyTu3aiii noBigomieHb B TCP/IP 0a3zyerbes Ha yHIKaIbHUX a-
pecax, Ha3BaHUX adpecamu Internet ado IP-adpecamu, sixi yTBOprooThH mapy:

<aodpeca noxanbhoi mepedici, aopeca 8y3ia 6 10KavHit mepexci> ado (<NetlD, Hos-
tID>)

IP-anpecu npencrasneni 32-61ToBuM KoJIoM 1 AisiThest Ha kiacu: A, B, C, D, E
(Tabn. 2.1). Haii01np11e BUKOPUCTaHHS Ha JaHHUI Yyac MaloTh nepiui 3 KJIacH.
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Tabnung 2.1 — IP-agpecu

1/12|34|5|6|7|8|9 ... 116 ...|124 ...|32
Kiac A|Q Anpeca Anpeca By3na
0 Mepexi HostID (24 6iTn)
NetID (7 6it)
Knac B|0|0 Anpeca Mepexi Anpeca By3na
10 NetID (14 6iT) HostID (16 6i1)
Knac C{1(1|0 AJnpeca Mepexi Anpeca By3na
1|1{0 NetID (21 6iT) HostID(8 6iT)
KnacD|1(1(1]0 bararoaapecna MulticastGrouplD (28 6iT)
111|1|0
KmacE|1(1(1|1|1 3ape3epBoBaHO 111 MaOYTHIX 3aCTOCyBaHb (27 O1T)
111(1{1|0

Kaac A - agpeca nounHaetbes 3 0
Kaac B - agpeca nounHaetses 3 10
Kaac C - agpeca nmounHaetbes 3 110
- Knac D - angpeca mounnaerbest 3 1110
- Knac E - agpeca nounnaeThes 3 1111
Po3noain KiIbKOCTI aipec MEpek Ta BY3JIIB Y PI3HUX Kjlacax MMOKa3aHO B Tald-
i 2.2.

Tabnuusg 2.2 — Po3moais KUIBKOCTI aJipec y Kiiacax

Yucno mepexx Ny (domains) Yucno By3mniB N, (hosts)
Knac A 282 2742
Knac B ) 212
Knac C 2712 282

Konu komm’roTep mae Ba abo Ouibine Pi3MUHUX MiJ1€JHAHDb BiH HA3UBAETHCS
multi-home host. Takuii xomm’roTep abo MapHpyTU3aTop MOTpedye MHOXHHY |P-
azpec, Ipu 1IbOMY KOXKHa ajjpeca BIJTMOBIIA€ OJHOMY 3 MiJI €JHAHb MAIIMHU J0 Me-
pexi.

Ockinbku IP-agpecu KoAyr0Th SIK MEPEXY, Tak 1 By30J B MEPEX1, TO i aApecH
HE BU3HAYaIOTh KOHKPETHUH KOMII IOTEp, a BU3HAYAIOTH M1’ €JHAHHS 10 MEPEXKI.

Tomy poyrep, sikuii 3’eqHy€e N Mepex, mMae N pizHux IP-aapec, mo omHiit s
KOXKHOT'O MEPEKEBOTO i1’ €HAHHS.

2.1.3 JlecaTkoBuii 3anuc IP-aapecu

IP-anpeca mae votmpu mojs (Oaiith) y dopmi aaa.BBB.ccc.ddd, posmiieHux
kpankamu (tabmuig 2.3). KoxkHe mojie 3BHYAitHO MOJA€Thest Y (GopMi AECITKOBOTO
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yrcna. |P-agpecu MoxHa pO3pI3HATH 3a KJIacaMu, BUKOPUCTOBYIOUU JECSITKOBE 3Ha-
YeHHs aaa nepuoro daira:

Ta6mug 2.3. — Posnoain IP agpec 3a kmacamu

Knac Hanmenma agpeca Haiibinpia anpeca
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 minmepexi. Macku

B opurinansHiii cxemi |IP-agpecarii Oyab-skiid (pi3UuHIi Mepexi Npu3HaYeHa
yVHIKaJbHA MEpEXeBa ajipeca; Oylb-sIKUi BY30J1 B MEPEKI BUKOPUCTOBYE MEPEKEBY
azpecy sk npedikc A0 IHAMBIAYyaIbHOI aApecu By3sa. Takuil mojia oOyMOBIICHHI
norpedamu mpoliiecy Mapuipytusailii makeriB. OKpeMi TepUTOpiasibHI MEPEX1 MaIOTh
MeBHY cBOOOaY B Moaudikaiii aapec 1 MapuipyTiB, IO TO3BOJSE POIMIMPUTH KiTb-
KICTb ajpec.

B OGarathox BuIajgkax, HampUKIaI 3 METOI 3HIKEHHS Tpadika, ud s op-
raizaiii poOo4YuX TrpyIl, MPOSIBISETHCS HEOOXITHICTH PO3OUTTS Ha MiAMEpexi abo
CEerMEeHTH. 3I1HUCHIOEThCA TaKe PO30UTTS 3a JOIMOMOTOI0 MAacoK miaMmepex. Lle mpus-
BOJIUTH JI0 3HWKEHHS KUTBKOCTI BY3JIiB B MEPEXKIi, a TAKOXK CIPOIILYE aJpecaliio Mix
HUMH 32 PaXyHOK CKOPOYEHHS KIJIBKOCTI OIT, IO 3aJUIIAIOTHCS JJI1 BUSHAUYCHHS a/l-
pecu xocTa.

JlonaTKOBO KOMIT'FOTEp Ma€ 3HATH, CKUIbkHM OiT BigseaeHo aias SubNetlD Tta
HostID. Came 3a 10moMoror Macku € MOXKJIMBICTh BKa3aTu po3Mip KX moJiB. Mac-
Ka - 32-po3psaHe YKCIIo, 0 Mae 0iTH, ki BignorigaroTs nojsm NetlD ta SubNetID,
piBHi 1, a Oitu s HostID piBHi 0. Aapeca miaMepexi BU3HAYAETHCS HUISIXOM JIOT14-
HOTO MHOXKCHHS:

<Aopeca niomepednci> = <|P-adpeca & macka>

Posrnsaemo cermentaitiro mepex |IP ma mpukmanmi mepexi kmacy C. Op-
raHizalis MmmMepex B IIbOMY BUITAJIKy BUKOHYETHCS 3a JIOTIOMOTOK0 “TIO3WYEHHS JIJIs
azpecartii Mepexi ACKUIbKOX OIT 3 OCTaHHbOTO OKTeTa. KiabKICTh MO3WUeHHuX OIT 3a-
JICKUTH BiJ MOTPIOHOT KUIBKOCTI MiAMEpeX abo Bif OOMEXKEHHS IOJI0 KUIBKOCTI
BY3JIIB B ITIIMEPEKI.

VY Bunaaky po30UTTS Ha JB1 MiAMEPEXK] BIAMOBIAHO BIAMOBIIHO MO3UYAIOTHCS
2 0Oitu, 3anumaroun 6 01T mis aapecartii xoctiB. Ili 1Ba 61TH 3 OCTAaHHBOTO OKTETa
OyIyTh modaHl 10 OITIB, IO BUKOPUCTOBYIOThCS ISl aapecariii mepexi. licts OiT,
0 3aJUIIWIKCh, JIO3BOJSIIOTH KOXKHIM 3 JABOX MiAMEpeX MiATpUMYyBaTH 62
VHIKQJIbHUX ajipecu (64 ampecw B MKMEpEXKi, ajie Iepiia i OCTaHHS BHJIUICHI Ha
afgpecy Mepexi 1 aapecy OpoAKacTy BIAMOBIIHO), a Macka MiaMepexi, Mo
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BUKOPUCTOBYETHCS, Oyne BUTJISIIATH AK 255. 255.
255.192(11111111.11111111.11111111.11000000).

Jlns opranizariii mecTy MmaMepex MOTpIOHO BUKOPUCTOBYBATU TPHU OITH, IO
oOMeXye KUIBKICTh BY3JIB B KOXKHIA Mepexi 10 TPHALATH 1 3 MAacKolo
255.255.255.224 (11111111.11111111.11111111.11100000)

Jlerko 3ayBakTH, 110 pO3OUTTS Ha OUIBIIY KUIBKICTh MIJAMEPEXK MPHU3BEIE 10
PI3KOT0 3HUKEHHSI KIJTLKOCT1 JIOCTYITHUX aJIpecC B IMIIMEPExKi.

Hocutp 9acTo BUKOPHUCTOBYIOTH 3armmc aapecarii BUTY
XXXXXXXX.XXXX.0/Y

Ywucio, mo cToiTh 3a ApoOOM, BU3HAYAE KUTBKICTH 01T, TO3WYCHUX ISl BU3HA-
YeHHS aJpecy MEPEXKi, IO J03BOJIIE BIAMOBUTHCH BiJl CTaHAAPTHOI (JOpMHU 3aIHUCYy.
Takum unHOM, aapeca kinacy C 204. 251. 122.0 3 mackoro 255.255.255.224 moxe 0Oy-
Tu 3anucana sk 204.251.122.0/27, mo o3Havyae BUKopucTtanus 27 3 32 aapecHux OiT
JUTSI BU3HAYEHHS a/IpECU MEPEKl, 3alIUIIaloyi PelTy apecHOro mMpocTopy AJis Mpu-
3HAYEHHS aJIPEC XOCTaM.

Lle uucno HazuBaroth HoMepoM CIDR (Classless InterDomain Routing)

Macka TakoX 4acTo 3alUCYEThCS y MIICTHAIUATKOBIN (opmi, 0COOIMBO TOI,
KoJIi mpuxoauThes MaHinysroBaT SUDNetID 3 posmipom, He kpatHuM 8 Gitam. Bu-
HIenpuBeeHa MacKka y IICTHAIIATKOBIN dopmi 3anucyerbes Tak: OXFFFFFFOO.

Matouu IP agpecy 1 macky, komm’toTep Moke Bu3HauuTH uu |P agpeca Bkasye:

- Ha KOMIT I0Tep KU 3HaXOUThCA Ha HOT0 K MiIMEPExKI;

- Ha KOMIT I0TEp KWW 3HAXOJIUThCS Ha 1HIIN MiIMEPEKI;

- Ha KOMIT I0Tep KU 3HaXOJUTHCSA HA IHIIHA MEPEXI.

Hanpukinag agpeca komm 'totepa 184.12.44.45 (kmac B), a floro Macka piBHa
255.255.255.0 (to6T0o mts SubNetID Buaineno 8 0it). SIkimo koM’ 10Tepy HEOOXiTHO
nepenaty iH(opMmailito, Ipu3HavYeHy JyIs 1HIIOTO KoMil 1oTepa, |P-aapeca sikoro pis-
Ha: 184.12.80.2, To koM’ totep Moxe BusHaunth 10 ix NetlD ogmakosi, a ot Sub-
NetID pizni (44 = 80).

- anpeca 184.12.44.50, To KOMII'FOTEp MOXKE BU3AUUTH, 1110 BOHU HAJIEKATh SIK
710 OJTHOT MEpEeXKi, TaK 1 0 oAHOI miaMepexi, ockinbku ix NetID Tta SubNetlD ogna-
KOBI;

- azapeca 192.168.0.3 (anpeca kiacy C) - ockinbku NetlD pizHi, To monaneii
YTOYHEHHS HE TTPOBOIATHCS.

L1 mopiBHSAHHS HEOOX1AHI HAMPUKJIIA JIJIsl TOrO 00 MOKHA OyJI0 BU3HAUYUTH-
Csl, YA KOMIT IOTEp MOBUHEH MOCHWJIATU MAKETU J0 MPU3HAYCHHS MPSIMO HA MEPEKY
(miamepexy), 10 sIKOT BiH Oe3MmocepeHOl i€ AHAHUH, YU IO MapIIpyTU3aTopa, ik
aCOIIIOETHCA 3 HEOOX1THUM HAMPSMKOM.

2.1.5 Opramni3zania nmigmepex

Cawm Internet He GaunTh opraHizalli MiAMEPEK, TaK MO0 OPraHi3allis MiaMepex
BiJIOMa 1 PO3MI3HAETHCS TIIBKH JIOKAJILHO BCEpeANHI 3arainbHoi Mepexi. OnHak Oymy-
91 OJIMH Pa3 YTBOPEHA, KOKHA TMEPEkKa JIOKAIBHO JII€ SK OKpeMa Mepeka, 1 KoMy-
HIKaIlisl MDK MiJIMEPEeKaMu BHUMAara€e Toro x, 10 ¥ KOMYHIKaIllsl MK MEpeKaMmH.
Komm'totepu B pi3HUX HigMEpERax HE MOXKYTh OauyUTH OAMH OAHOIO, JOKH HE Te-
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pendadeHo cherianbHOro crmocody mis nporo. OdeBumgHo, mo 16777214 ampec
CTaHIIM Mepexi kiaacy A He3pydHi JJIsi BUKOPUCTaHHS, K 1 65534 anpec kiacy B.
3BUYAfHO HEMOXJIMBO BHUKOPHCTATH TaKWi PO3MIp Mepexki, OJHAK ICHYE MPOCTUH
croci0 opraizaiii miaMepex B Mepexkax kiaciB A 1 B: miamepex kimacy A y BUTISAL
EKBIBAJICHTHUX MepexX Kiacy B 1 miagMepex kiacy B y ekBiBasieHTHI Mepexi kiacy C.
3ayBaxUMO 1€ pa3, [0 OpraHizallis MiIMEpex € TUIbKKA BHYTPIIIHbOIO, a 30BHI Me-
peka Kiacy A 3aBKIH 3THIIAETHCS TaKOIO.

Buxopucraemo st mpukiamy mMepexy kmacy C 1 po3mIssHEMO, SK MOKHA
yTBOpUTH miaMmepexy. Hexaii mepexxeBa agpeca € 192.168.255.0 i MmepexxeBa macka
tst Hel € 255.255.255.0. Maemo 8 6iTiB 41 aapec CTaHIliN, 110 1a€ MOKIUBUX 254
aapecu. Haragaemo, 1o ampecu CTaHIid 3 yciMa JBIHKOBUMH OJUHHUIIMH (TOOTO
255) abo 3 ycimoma HyjIsiMU (ToOTO 0) HE MOKHA 3aCTOCOBYBaTH. J[JIT MacKu MOKHA
npu3HauuTU OyJb-siKi 3 OITiB, 3ape3epBOBAaHUX B MepexkeBii anapeci kimacy C s
craHIii, Tooto Big 1 10 6 O1TIB, OJHAK HE MO’KHA B)KMBATH 7 OITIB, 00 1€ O3HAYaTUME
0 cranmii. 3ayBaxxumo, 110 nepi Tpu 255.255.255 ne 3MmiH00THCA. JJ0Opoto mpak-
THUKOIO TIPU OpTaHi3allii maMepex € BUIIJICHHS OITIB y MepeKeBii Maclil HETIEpEePBHO
31iBa HarpaBo. Ile He BUMora, oJIHaK BIPOBAPKCHHS 1HIITUX BapiaHTIB HE Ja€ J00pUX
pe3ynbTatiB. Bukopucranns 2 ta 3 aapecHux O1T AJi1 yTBOPEHHS MiJMEPEK HaBEICHI
B Ta0nIsx 2.4-2.5.

Tabnuus 2.4 —BukopucranHs 2 aapecHux OIT NIl yTBOPEHHS MiAMEPEK

2 6iTu MepexeBa Macka Agnipecu cTaHIlii
255.255.255.192
migmepexa 0: (00), Bix 192.168.255.1 mo 192.168.255.62
nigmepexa 1: (01), Bix 192.168.255.65 no 192.168.255.126
nigmepexa 2: (10), Bix 192.168.255.129 no 192.168.255.190
nigmepexa 3: (11), Bix 192.168.255.193 no 192.168.255.254

Ockinpku 'y naBidikoBii ¢opmi 192,,=(1100 0000),, To me 3abe3neuye 4
M1JIMEPEK1, KOKHA 3 62 CTaHI[ISIMHU.

Tabnuug 2.5 — Bukopucrtanus 3 aapecHux OIT Jjisl YTBOPEHHS MiAMEPEX

3 6itu MepexxeBa Macka Anpecu cTaHIlii
255.255.255.224
nigmepesxa 0: (000), Bix 192.168.255.1 no 192.168.255.30
nigmepexa 1: (001), Bix 192.168.255.33 o 192.168.255.62
nigmepexa 2: (010), Bix 192.168.255.65 mo 192.168.255.94
niqmepexa 3: (011); Bix 192.168.255.97 mo 192.168.255.126
niqmepexa 4: (100), Bix 192.168.255.129 no 192.168.255.158
niqmepexa 5: (101); Bix 192.168.255.161 no 192.168.255.190
nigmepexa 6: (110); Bix 192.168.255.193 no 192.168.255.222
nigmepexa 7: (111); Bix 192.168.255.225 no 192.168.255.254
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Ockinbku y ABiHKoBii dopmi 2241,=(1110 0000),, To e 3ade3neuye § migme-
pex, kKoxHa 3 30 cTaHIIsIMHU.
[Ton16HMM YMHOM MOYKHA OTPUMATH JI1alla30HU aJIpec sl MEPEKEBUX MACOK:

- 4 0iTn MepexeBa macka 255.255.255.240 3 16 nigmepexamu 1o 14 cra-
HIIIA Y KOXKHIM;

- 50iTiB MepexeBa Macka 255.255.255.248 3 32 nigMmepexkamu 1o 6 cTaH-
11 Y KOXKHIH;

- 6 0iTiB MepexeBa Macka 255.255.255.252 3 64 nigmepekamu 1o 2 CTaH-

1111 y KOXKHIMH.

[epmuri 24 Gitu B IP-aapeci MoxkHa irHOpyBaTH (y HAIIOMY NMPUKJIA/AL 1€ 1ECAT-
koBe 192.168.255), OCKUIBKM BOHW BIHOCSATHCA 1O 0a30BOT MeEpexi, B SKi oOp-
ra”i3yioTbest miamepexi. [Ipm BHUKOpHCTaHHI JBOOITOBOT MEpPEKEBOI MacKu is
nigmepexi 0 6aunmo, o ocTaHHi 8 GITIB 3aBx U MounHalThes Bl 00g, 10 03HAYaE
iX mecaTkoBUi ekBiBajeHT B iHTepBai BiJ 0 10 63. OCKIIbKHY BCl HYJI1 Ta BC1 OJIMHUITI
B aJIpeci CTaHIlii He MOKHAa BUKOPUCTOBYBATH, TO 11€ BUKJIIOYAE 13 BXXUTKY 0 1 63, Tak
[0 3aJMIIAI0Thes yucia Big 1 qo 62. Jlng miagmepesxi 2 mepiiri JiBa 01TH OCTaHHBOTO
OKTETy aJpecu I BCIX CTaHIIN migMepeki 3aBxkau piBHI 10g, Tak 110 HasBHI
KOMO1HaIlIi pemTH mecTu OITIB JarTh JecATKOBI uncia Bix 128 go 191. Bukirouaro-
Y1 BXKMBAHHA BCiX HYJIB Ta BCIX OJIMHUIIb B a/Ipecax CTaHIlIN, OTPUMYEMO MPUHHSATHI
yucia Big 129 no 190, mo 3H0By 3a6e3mneuye 62 craHilii. AHAJIOTIYHO MOYHA TOsIC-
HUTHU OTPUMAaHI JI1alla30HM aJIPeC ISl IHIIMX MEPEKEBUX MACOK.

2.2 Marepiaju /151 BAKOHAHHHS po00TH
2.2.1 IlpoBeaeHHs PO3PAXyHKIB J1J15l BUSHAYEHHS a/ipec Ta MACKHU Mepe:xki

Bizememo 6a3oBy anpecy mepexi 10.1.0.0, KUIbKICTD M MEPEK: 7, KUIBKICTb
pobouux craHmiii: 55.

Tabmuis 2.6 — Po3paxyHok ip-aapec

[TouarkoBa | Kinmesa
Homep miame- | Anpeca mepexi | IllupokoBicHa 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
iMepexi
255.255.255.192

Anpeca 10.1.0.1 — aapeca gateway B mepmiit miamepexi (10.1.0.0 - agpeca
migMepeki). AHAJOTIYHO B KOXKHIM MigMepexi 3HadeHHs ajapecu gateway Oyae
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HACTYIHUM Micis aapecy miamepexi. CTBopeHa MOAeIb
CyHKy 2.1.

Mepexi 300pakeHa Ha pH-

2.2.2 Mojaeab Mepeki i HajJaroaxeHHs cBiua

[Root] New Cluster Move Object Set Tiled Background Viewport
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Pucynox 2.1 -Monens Mmepexi

st ctBopeHHst miaMmepexxk Tpeba 3aiitu y 3akiaaky «Configy cpiua Ta
CTBOPHUTH JI0JIaTH HeoOXimHy KumbkicTh migmepex («VLAN Database»), Bka3aBim B
nose VLAN Number mHomep Mepexi, mounHarouu 3 2 (1if — 3ape3epoBano), VLAN
Name — im’st Mmepexi (pucyHOK 2.2).

-
-

ri Switch?

e

|| Physical | Config |

cur |

[ swrtecn
VLAN Database 3

GLOBAL J*

FastEthernetld/2

VLAN Configuration

VLAN Number

WVLAMN Name

| Add |
VLAMN Mame
default
V0LANZ
V0LANZ
V0LANS
VLANS
VLANG
VLANT

[ Remove ]

»

VLAN No

m

o O 0 B W e

FastEthernet0/9

eeE———

Equivalent 105 Commands
Switchl{config)#interface FastEthernet0/1
Switch{config-if)§

Switch (config-if) fexit

Switch(config)$

1 [

Pucynok 2.2 — CKpUHIIOT CTBOPEHHSI MiAMEPEXK B O6asi

Ha xoxHwMii 3 TOPTIB IIeHTaIbHOTO cBiYa BcTaHOBUTH HeoOximHy VLAN (pu-
CyHOK 2.3).



Settings FastEthernet0/1
Algorithm Settings
SWITCH Port Status on

VLAN Database
INTERFACE
FastEthernet0/1 10 Mbps @ 100 Mbps
FastEthernet0/2
FastEthernet0/3

FastEthernet0/4 @ Full Duplex Half Duplex

Bandwidth Auto

Duplex Auto

[ FastEthernst0/5
| FastEthernet0/s Access B| VLAN |2 B|
FastEthernet0/7
| FastEtherneto/s Tx Ring Limit
| FastEthernst0/s

Equivalent I0S Commands

Switchi{config-if) fexit

Switch{config) &

Switchi{config) §interface FastEthernet0/1
Switch{config-if)#

Pucynok 2.3 — CkpUHIIIOT HaJamTyBaHHS MOPTIB AT HiAMEPEX

Csiu ckiagaethes 3 24 nopriB. Tpeba mix’eaHat 55 XOCTIB O/IHI€T BIpTyalib-
HO1 Mepexi 10 Hboro. OTxe, BUKOPUCTOBYEThCS 3 J01aTKOBUX CBiva, sIK1 M1 €aHAHI
710 IIEHTPAJILHOIO CBiYa, a Ha MOPTaxX IEHTPAJbHOI'O CBiYa BKA3Y€ThCS BIAMOBIIHUMA

OJIHAKOBHI HOMEp MIJAMEPEKI.

Bci nminkirodeni nmoptu cBiva OyayTh Matu 3HaueHHs «UP» npu HaBegeHHI Ha

CBIY KypcopoM (pHCYHOK 2.4).

@ Cisco Packet Tracer - DAUNIVERSI

Fie Edit Options View Tools Extensions Help

"2 EE A0 8

Logical [Root] New Cluster  Move Object Set Tiled Background Viewpart
[
AP — p
e ——— 2950-24 =y Ry
e Switch6.2. PC-PT
e = PCE.56 L
Tink ViAW 1P Address 7 o
. 5 - PC-PT
= = N PCE.2 =
w2 =
w3 =
Server-PT up 3 - x
Server0 up 3 -
= Q
w e =
3" : - erver-PT Fa
Ul‘: : N Servers Ry
up -
up -
uw -
e = L |
p -
s -
o 7 =
senverrr = : bl
TT 'p
Serverl E oo 29f0-24 z3gpae e -
PC1.56 " Sufftch2.1 switgh2.2 Up 8 -
Down - -
Devan L -
bown 1 -
° bown 1 -
oy ey o
Time: 00:09:58 | Power Cycle Devices e, T ner seer 0o0s mass oa0e Realtime
_ P p— — tion Type Color Time (sec) Periodic  Num
Gemm= | | Poyicas tocavion: socersie some civy, comsorave osfice, wiring Gisser =D L] e N .
— . . . et — [ new [ pelete | o> - Servers Server2 1cMP 0.000 N 1
= PN _s = < L | Togale PoU List Window
Copper Straight-Through £l . ] v
PI/ICYHOK 24 — CKpI/IHH_IOT HaJIaroJ>XK€Horo cBiya

2.2.3 AHaJi3 i TecTyBaHHSI Mepexi

- BianpaBnenns nakeTiB Ha poOouYl CTaHIIli, sIKI 3HAXOAATHCS B OJHIH BipTya-

JBHINA Mepexi (PUCYHOK 2.5).
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Fire Last Status Source Destination Type Color Time (sec) Periodic Num  Edit  Delete
& Successful PCE.2Z  PCE.SE ICMP . 0.000 M 0 (edit) (delete)
@ Successful  Serverd PCE.2 ICMP 0.000 M 1 (edit) (delete)
@ Successful PCL.56 PCL.2 ICMP . 0.000 M Z (edit) (delete)
@ Successful  Serverl PC1.2 ICMP . 0.000 M 3 (edit) (delete)

Pucynok 2.5 — CKpHHILIOT NepeBipKH Mepeadi MaKkeTiB B OJHIN BIpTyanbHIN
Mepexi

- BianpapneHHs makeTiB Ha poOoOUl CTaHIIi, sIKI 3HaAXOAATHCS B PI3HUX BIpTya-
JbHUX Mepekax (PUCYHOK 2.6).

Fire Last Status Source Destination Type Color Time (sec) Periodic Mum  Edit  Delete
& Failed Serveré Servers ICMP 0.000 N 0 (edit) (delete)
@ railed PC5.2  PC3.G6 ICMP 0.000 N 1 (edit) (delete)
& railed PC2.56 PC3.2 icve i 0.000 N 2 (edit) (delete)
& railed PC1.56 PCE.56 icve i 0.000 N 3 (edit) (delete)

Pucynok 2.6 — CKkpuHIIIOT NepEBIPKU Mepeadi MaKkeTiB B Pi3HI BIPTyaibH1
Mepexi

2.3 3aBaanns

1. CrBoputu MOJEIL MEpeXi M0 CKIaAAeThesl 3 X MIAMEPEkK 1 Y poObounx
cTaHii. BukopucroBana aapeca mepexi, X 1 Y 3riIHO 3 BaplaHTOM 3aBJlaHHA (Taod-
muus 2.7).

Tabnung 2.7 —BapianTtu 3aBaaHb

Howmep BapianTa bazoBa agpeca X KUIBKICTh Y KUIBKICTh
Mepexi niaMepex pOOOUYMX CTaHIIIM
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 7 67
12 10.7.0.0 8 16
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2. Jlns xoxxHOT miaMepexi ctBoputu cBii VLAN.

3. Po3paxyBaTtu Macky mijmepexi, A peasizalii mnoTpioHo1 KIIBKOCTI ITiIM-
PEK.

4. Po3paxyBaTu aJpecu Mepexi, ITMPOKOMOBHY aIpecy 1 apecH XOCTiB 3T1IHO
3 BapiaHTOM 3aBJaHHsa. Hamatu pe3ynbraTu po3paxyHKy y BUTJIs1 TabauIi 2.8.

Ta6muis 2.8 — Pesynbsratu po3paxyHky IP-aapec.

Homep Anpec mepexi | [IlupokosicHa | [louaTkoBa Kinmera
iIMEepexKi azpeca ajJpeca XOCTIB | ajpeca XOCTIB

5. ¥ Packet Tracer 5.0 ctBoputu monenb LAN, sika ckiagaeTbes 3 mOTpiOHOT
KUIBKOCT1 mia Mepex. KibKicTh poO0oUMX CTaHIIA B KOXKHIM MiAMEpEex 1 MOJEII BU-
3HAYA€THCA MOYATKOBOIO 1 KIHIIEBOIO a/Ipecol0. TakuM YMHOM B KOKHIN MMiaMEpexi
oyne 2 poboui cranii, [P-anpecu axkux OyayTh MOYAaTKOBHI 1 KIHIIEB1 apecH XOCTIB
JUTSL TI€T MAMEPEeKI.

6. 3'egnaTu HeoOXimHe unciio cBiviB Cisco Catalyst 2960 mixk co00r0 1 ImIK-
JIOYUTH J0 HUX poOOUl CTaHIII].

7. OO0'eqnaTi poOoul CcTaHIIli 1 cepBepa B P13HI BIpTyajabHI MEpeXki, HOMEp Bip-
TyaJlbHOT MepeXi BCTAHOBUTHU TIO MOPSJIKY.

8. CkpiHIIOT MOJIeN MEepeXi 1 HaJalTyBaHb CBi4a HAJaTH B 3BITI.

9. AHamiz i1 TecTyBaHHS MEPEXKI :

- BIJNPABUTHU MMAKETH HA poOOY1 CTaHIIl1, 110 3HAXOAATHCS B OJIHIN BIpTyaabHIN
Mepexi. BinoOpasutu pe3ynbTaTi B 3BITI,

- BIOOPAaBUTH MAKeTH Ha poOodl CTaHIli, L0 3HAXOIATHCS B PIZHUX
BIpTyaJIbHUX Mepexkax. BinoOpa3uTtu pe3ynbTaTy B 3BITI.

2.4 Ilurauus

[I{o Take VLAN? IIpuznauennss VLAN?

Ak peanizoBanuit VLAN Ha piBHi ipotokoiy Ethernet?

[Ilo Take Macka miaAMepexKi, Ha 1110 BOHA BIUIUBAE?

[Ilo Take agpeca mepexi? Sk BUTIsAIa€e agpeca Mepexi Ha O1TOBOMY piBHI?
[I{o Take mMpOKOMOBHA afpeca? Ik BOoHa BUTJIsa€e Ha OITOBOMY pIBHi?
J1J1s 90T0 BUKOPUCTOBYETHCS ?

Sk 3aJ1eKUTh KUIBKICTh POOOYMX CTaHIIM B MEPEX1 BIJl MACKU?

Skoro komano1o npusHadaeTbcsi VLAN Ha mopT komyTaTopa?

Sk npornsiHyT! ciucok VLAN?

Sk mpornsHyTH HaJIamTyBaHHs nopry?

10 SIK IOTJIIHYTH BC1 HaJIaIITYBaHHSI KOMyTaTopa?

agbrwnhE

© oo~
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3 JABOPATOPHA PABOTA Ne 3
JIOKAJIBHI MEPEXI. POBOTA 3 VLAN I MAPIIIPYTU3ATOPOM

Meta po0OTH: BUBYHTH HA TPAKTHIII OCHOBH MaplIpyTH3amii Ha TPHUKIATI
mapmipytu3aiii - BipryansHux mepex (VLAN). BHKOPHCTOBYIOYHM HABUYKH, OTPH-
MaHi B TIONIEpeIHIX Jab0paTOpHUX POOOTaX, CTBOPUTH MEPEXKY, 10 CKIATY SKOI BXO-
TUTHUMYTh JCKiJTbKa BIpTyaJIbHUX MEPEX 1 MapIIpyTHU3aTop, M0 3a0e3nedye 3B'sI30K
MDK BIpTyaJbHHMHM MEpPEXaMH 1, 10 HAAAIOTh BHUXIJ 3 BIPTYaJbHHUX ITIJIMEPEXK B
30BHILIHIO MEPEXKY.

3.1 Teoperuuni BizomocTi

MapuipyTtuzaTtop — MepexKeBUNA MPUCTPIN, 110 MEPECUIa€ MaKETH TAHUX MIX
PI3HMMH CErMEHTaMH MEpeXl 1 MpuiiMae pilIeHHs Ha MiAcTaBi iHGoOpMarllii mpo
TOTIOJIOT1I0 MEPEXi 1 MEBHUX MPABUJI, 3aJJaHUX aJIMIHICTPATOPOM.

3a3BuYail MapHIpyTU3aTOP BUKOPUCTOBYE apeCy OJep)KyBaya, BKa3aHy B Ia-
KeTax JJaHWX, 1 BU3HAYA€ MO TaOJIUII MapUIpyTU3allli IUIAX, 0 SKOMY CJ1J IepeaaTH
naHi. SIkmo B TabauIll MapuIpyTu3alii Jyis apecu HeEMa€e ONMUCAaHOTO MapIIpyTy, Ma-
KET BIIKUIAETHCS.

[cHyrOTH 1 1HIII cIOCOOM BU3HAYEHHS MApLIPYTy MEPECHJIKM MAKETIB, KOJIH,
HAIPUKIIAJ,, BAKOPUCTOBYETHCS aJpeca BiANpPaBHUKA, BUKOPHUCTOBYBAaHI MPOTOKOJU
BEpXHIX PIBHIB 1 1HIIA 1H(QOpPMAIis, IO MICTUTHCS B 3ar0J0BKaxX MaKeTIB MEPEKEBOIO
piBHs. YacTo MapuipyTU3aTOPH MOXKYTh 31MCHIOBATH TPAHCIALIIO apec BIANPaBHU-
Ka 1 oJiepKyBaua, (PUIbTpaIlito TPaH3UTHOTO MOTOKY JaHUX HA OCHOBI MEBHUX MTPABUII
3 METOI0 OOMEXKEHHS J0CTYyMy, b pyBaHHs/qemndpoBKa JaHUX, [0 MEPEaAIOThCS.

Tabnuusg mapmpyTusaiiii MiCTUTh 1HGOpPMAIIil0, HA OCHOBI SKOi MapuIpyTHU3a-
TOp MpUMae BUPIMICHHS PO MOJANBIITY MEPECUIKY MakeTiB. Tabmuisd ckiiaaeTses 3
JIESIKOTO YKCIia 3aMKCiB — MapIIPyTiB, B KOXKHIN 3 AKUX MICTUTBCS ajpeca Mepexi
oJlepKyBaya, aJpeca HaCTYITHOTO By3JIa, SIKOMY CJIiJI TIepelaBaTh MaKeTH 1 IeSKy Bary
3aImcy, — METpPHKa.

MeTpuku 3anuciB B TaOJIUII BIAITParOTh pojib B OOYMCIIEHHI HAaWKOPOTILUX
MapuipyTiB 0 PI3HUX OJEPKyBauiB. 3aJ€KHO B1Jl MOJENI MaplIpyTU3aTopa 1 BUKO-
PUCTOBYBaHUX MPOTOKOJIIB MapLIpyTH3allli, B TAOJMIl MOXKE MICTUTUCA JI€dKa JI0-
JaTKOBa CIy»k00Ba iHpopMaris.

Tabnui MappyTu3aliii MoKe CKiIagaTUCs JBOMA CTIIOCOOaMU:

- CTaTUYHA MAapUIPyTH3allisl - KOJW 3almucd B TaOIMIl BBOIATHCS 1
3MIHIOIOTBCSI BpyuHy. Takuii cmoci®0 BUMarae BTPYHaHHs agMiHICTpaTOpa KOXXHOTO
pasy, KoJiu B1I[6yBaIOTI>C}I 3MIHU B TOTIOJIOTIi Mepexi. 3 1HIIOTO OOKY, BiH € HAWOLIBII
CTaOUTPHUM 1 BHUMAararo4uM MIiHIMyMY amapaTHUX PEeCcypciB MapiipyTuzaTopa s
00CITyroByBaHHS TAOJIHIII.

- JMHaMIYHa MapIIpyTU3allis - KOJIM 3aluch B TaOJMIll OHOBIIOIOTHCS
aBTOMATUYHO 3a JIONOMOTOK OJHOTO a00 JEKIIbKOX MPOTOKOJIB MapUIpyTH3allii -
RIP, OSPF, IGRP, EIGRP, IS-IS, BGP, i in. Kpim Toro, mapmpytuszarop Oymye
Ta0IUII0 ONTUMAIBHUX LUISAXIB A0 MEpPEX MPU3HAYEHHS! HA OCHOBI PI3HUX KPUTEPIiB:
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KUTBKOCTI TPOMDKHHX BY3IIB, KaHaJiB,
nepeaadi JaHuX.

Kputepii oOuucieHHs ONTUMaJbHUX MAapIIPYTIB HaWYacTile 3ajie’kaTh BiJl
MPOTOKOJY MapIIpyTH3allii, a TaKOXK 3aJar0ThCS KOHQITypalli€o MapiipyTH3aTopa.
Takuit coci6 moOya0BH TAaOIMIl J03BOJISIE ABTOMATUYHO TPUMATH TAOJUIIO MapIil-
pyTH3aIlii B aKTyaJJbHOMY CTaHI 1 OOYMCIIIOBAaTH ONTHMAJIbHI MapIIpyTH Ha OCHOBI
MOTOYHOI TomoJjorii Mepexi. [Ipore nuHaMidyHa MapmIpyTH3allis HaJlae J0JaTKOBE
HABaHTa)XCHHS Ha MPHUCTPOI, a BUCOKA HECTAOLIBHICTh MEPEX1 MOXKE MPUBOAUTHU IO
CUTYyaIlll, KOJIU MapIIpyTU3aTOPH HE BCTUTAIOTh CHHXPOHI3yBaTH CBOi TaOMIIi, 11O
MPUBOIUTH J0 CYNEPEWINBHUX B1IOMOCTEH MPO TOMOJIOTII0 MEpPEeXi B PI3HUX ii YaCTH-
HaXx 1 BTpaTi JaHUX, 110 TepeaaroThCs.

Haitvacrime ays moOy0Bu TaOaUIs MapIIpyTU3allii BAKOPUCTOBYIOTH TEOPIIO
rpadis.

MPOITYCKHOI  CIPOMOKHOCTI 3aTPUMKH

3.2 Marepiajau 1yisi BUKOHAHHS P0o00TH
3.2.1 Po3aisienHst Mepe:xi Ha miaMepexi

Bizememo 06azoBy anpecy mnepmoi mepexi 10.1.0.0, KUTbKICTh poOOUMX
cTaHIii: 55, 6a3oBy anpecy apyroi mepesxi: 10.1.0.64 (tabauis 3.1).

Tabmuus 3.1 — Po3paxyHok ip-aapec st Mepex

Howmep miamepexi | Anpeca mepexi | IlupokoicHa [TouaTkoBa Kinnesa agpeca
azpeca azpeca XOCTiB 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 migMepexi

255.255.255.192

3.2.2 Moaeab Mepe:xi i HaJIaroJKeHHs cBiYa Ta MapuIpyTHu3aTopa

CtBOpeHa Mozienb Mepesxi 300paxeHa Ha pucyHKy 3.1.

-y
2950-24
Switch4
1841
Router

Server-FT
Server0

-

# ———

WabE0-24TT %
20k,

’4?” Switch?
s s wtch‘&t ~
"’,‘;/f/ .
- -~
Pl
el ’ 295! 24
/ P
, ? Switghs.2
/ 205§T-24  295p-24
Smichs .0 Smt‘:hs 1
29#0-24TT 29!0 24 #
Fwitcha.0 Swjtcha.1 2990-24 |
T Szvn:ch4- 2 D’ |
—f: = , 5 o PCPT _,[:]
servers T2 PC-PT
e e PC5.56
PC-FT

Serverd PC4.2 PC4.56

Pucynox 3.1 -Monens mepexi




23

Jlns cTBOpeHHS migMepexk Tpeba 3aiitu y 3aknaaky «Configy cBiua Ta
CTBOPHUTH J10J1aTH HeoOXiaHy KiibkicTh migmepex («VLAN Database»), Bka3aBiiu B

nojie VLAN Number Homep Mepexi, mounHarouu 3 2 (1 — 3ape3epBoBano), VLAN
Name — imM’s1 Mmepesxi (pucyHok 3.2).

& Switch7

CLI

GLOBAL

VLAN Configuration

Settings

Algorithm Settings

SWITCH

WLAN Database

VLAN Number

VLAN Name

INTERFACE

FastEthernetd/1

FastEthernet0/2
| FastEtherneto/3
| FastEtherneto/4
| FastEtherneto/s
| FastEtherneto/s
| FastEthernet0/7

VLAN No  VLAN Name

1 default

2 VLAN1

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

FastEthernet0/8
FastEthernetd/9

Equivalent 105 Commands

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

Pucynox 3.2 — CKpUHIIIOT CTBOPEHHS MiAMEpExX B 0a3i

Ha koxHHMI 3 IOPTIB LIEHTPAJIBHOTO CBiYa BcTaHOBUTH HeoOximHy VLAN (pu-
CyHOK 3.3).

Physical

GLOBAL

Config

Settings FastEthernet0/1

Algorithm Settings
SWITCH
VLAN Database |~

Port Status

INTERFACE
FastEthernet0/1

Bandwidth

10 Mbps @ 100 Mbps

Auto

FastEthernet0/2
| FastEtherneto/3
| FestEthernet0/4
[ FastEtherneto/s
[ FastEtherneto/s

Duplex

@ Full Duplex Half Duplex

Auto

Access

[of] vian |2

]

FastEthernet0/7
FastEthernet0/8

Tx Ring Limit

FastEthernet0/s

Equivalent 105 Commands
Switchiconfig-if)fexit

Switch{config)§
Switch{config)#interface FastEthernet0/1
Switch{config-if}#

Pucynok 3.3 — CKpUHIIIOT HaJIAIITyBaHHS TOPTIB JJIsI TiAMEPEK

[Migxmouennss VLANL 6yno 3aiticaeno no mopris FastEthernet0/1, FastEther-
net0/2, FastEthernet0/3; VLAN2 no mopry FastEthernet0/4.

Bcei nigkiroueni noptu cBiva OyayTh Matu 3HaueHHs «UP» mpu HaBeneHHI Ha
CBIY KypcopoM (pHCyHOK 3.4).
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Port Link VLAN IP Rddress MAC Rddress
FastEthernetl/1 Up 2 == 000D _BDZD_3401
FastEthernet(/2 Up 2 == 000D_BDZD_8402
FastEthernet(/3 Up 2 == 000D.BDZD.8402
FastEthernetl/4 Up 3 == 000D _BDZD_2404
FastEthernet0/5 Up — — 000D_BDZD_B8405
FastEthernetl/& Down 1 == 000D.BD2D.2408
FastEthernet/7 Down 1 = 000D _BDZD_2407
FastEthernetl/8 Down 1 - 000D _BDZD_8408
FastEthernet(/% Down 1 - 000D.BDZD.840%
FastEthernet0/10 Down 1 == 000D _BDZD_S840&
FastEthernet0/11 Down 1 — 000D _BDZD.840B
FastEthernetl/12 Down 1 - 000D _BDZD.840C
FastEthernetl/13 Down 1 == 000D.BD2D.240D
FastEthernet0/14 Down 1 == 000D _BDZD_240E
FastEthernetl/15 Down 1 - 000D _BDZD._840F
FastEthernetl/1le Down 1 — 000D.BD2D.2410
FastEthernet0/17 Down 1 == 000D _BDZD_82411
FastEthernetl/18 Down 1 - 000D_BDZD_8412
FastEthernet0/19 Down 1 - 000D.BDZD.8412
FastEthernet0/2Z0 Down 1 == 000D _BDZD_5414
FastEthernet0/21 Down 1 — 000D _BDZD_B8415
FastEthernetl/22 Down 1 - 000D_BDZD_841%
FastEthernetl/23 Down 1 = 000D.BD2D.2417
FastEthernet0/24 Down 1 == 000D _BDZD_2418
Vlianl Down 1 <not setr O0DED._BO4Z _E726
Hostname: Switch

Pucynok 3.4 — CKpHHIIIOT HaJaro KeHoro cBiua

Jlo mopty FastEthernet0/5 cBida HEOOXiAHO MIAKIIOUUTH MapHIPYTU3ATOP O
nopty FastEthernet0/1. /{nst 1iporo HEOOX1THO BHOpPATH THIT MiIKIIOUEHHS « Trunky
Ha cBiui (pucyHOK 3.5).

-
Physical | Config | CLI

GLOBAL -
Settings FastEthernet0/5
Algorithm Settings
SWITCH Port Status on

VLAN Database | = X I
e Bandwidth Auto
FastEthernet0/1 10 Mbps @ 100 Mbps
FastEthernet0/2 | |
[ FastEthernet/3
FastEthernet0/4 @ Full Duplex Half Duplex
[ FastEthernetd/5
FastEthernetd/6 Trunk 1] vian [1-1005 E]
FastEthernet0/7
FastEthernet0/8 Tx Ring Limit 10
FastEthernet0/9

Duplex Auto

Equivalent 10S Commands

Switch{config-if)§

Switch{config-if) fexit

Switch(config) #interface FastZthernet0/5 |
Switch{config-if)§

1 ] >

Pucynoxk 3.5 — CKpUHIIOT HaJIAIITYBaHHS TOPTY ISl MapIIpyTU3aTOpa

[Ticnst mporo ciig HamamTyBatu MapiipyTtusatop. st mporo Tpeba 3aiTu y
3aknanaky «CLI» mapmipyruzaTopa 1 BAKOHATH Takl KOMaH/IH :
- Bxutouenns poyrepa:

Router>enable
- Komanpa ayis HanmamTyBaHHS:

Router#configure terminal
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- Bubip nopty, sixkuit Oyne HanmamroByBatuch (0/1 — mopt mapmpyrusaropa;
1rdpa micist Kpanku — 1e HoMep MopTy CBiva):

Router(config-subif)#interface fastEthernet 0/1.1
- Bcranosnenns nomepy VLAN (micia Dot1Q Bkasyerbes Homep VLAN):
Router(config-subif)#encapsulation Dot1Q 2
- Bcranosnenns ip agpecu (Ip agpeca relTBero 1 Macka ImiaMepeski):

Router(config-subif)#ip address 10.1.0.62 255.255.255.192

Takum uMHOM CIiJ HaNamMTyBaTH Mapupytusarop s Bcix VLAN, B 3anex-
HOCTI BiJl TOTO JI0 SIKOTO 3 MOPTIB CBiUa BOHM ITiJI’ €THAHI.
HanamtyHnku poytepa 300pa)keHO Ha pUCYHKY 3.6.

Dort Link VLAN IP hddress IPvE Rhddress MAC Address
FagtEthernet0/0 Down - <not get> <not set> 0000_0CB1.D501
FastEthernet(/1 Up = <not setr <not setr 0000_0CB1.D502
FastEthernet0/1_.1 Up == 10.1.0.62/26 <not Setr 0000_0CB1 D502
FastEthernet0/1_2 Up = <not set¥ <not set 0000_0CB1.D502
FastEthernet0/1.3 Up = <not setr <not set¥ 0000_0CB1.D502
FastEthernet0/1_4 Tp == 10.1_0.126/26 <not setr 0000_0CB1.D502
Vlanl Down 1 <not setr <not setr 0040_0B12 _3CDE
Hostname: Router
Physical Location: Intercity, Home City, Corporate Office, Wiring Closet

: o e

Pucynok 3.6 — CKpHHIIIOT HAJIaroJKeHOro poyTepa

JUist CTBOPEHHS 30BHIIIHBOI MEPEkK1 HEOOXITHO /10 THIIOrO MOPTY MapUIpyTH-
3aropa (FastEthernetO/0) migxmrounTn iHImMA KoMyTaTop a0 mopty FastEthernetO/1.

Takosx 10 IBOTO CBiYa i’ €HATH CepBep 3 IP aJpecoro TEUTBEIO 1 MacKOIO (HAIPH-
kiana, 192.168.10.1 255.255.255.0).
HanamroByBatu poyTep s 30BHIIIHBbOI MEPEXI1 CIIIJI TAKUMH KOMaH/IaMH:

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

Hanamrynku poyrepa 3 asoma VIAN 1 30BHINIHBOIO MEPEKEI0 300payKeHO Ha
PUCYHKY 3.6.

Port Link VLAN IP Address IPve Rddress MRC Rddress
FastEthernet0/0 Up = 152 1e8.10.1/24 <not set> 0000.0CB1_D501
FagtEthernetl/1 Up - <not set> <not set> 0000 _0CB1 D502
FastEthernetl/1.1 Up — 10.1.0.62/2% <not set> 0000 .0CB1.D502
FastEthernet0/1.2 Up = <not set¥ <not set> 0000 _0CB1_D502
FastEthernetl/1_3 Up == <not set> <not set> 0000 _0CB1 D502
FastEthernet0/1.4 Up = 10.1.0.126/26 <not get> 0000.0CB1.D502
Vlanl Down 1 <not sSetr <not setr 0040 _0B12 _3CDE
Hostname: Router

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

Pucynok 3.7 — CKkpuHIIOT HajaropkeHoro poyrepa 3 n1soma VIAN i 30BHilIHB-
00 MEPEXKEIO
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3.2.3 AHaJi3 i TecTyBaHHSI Mepe:xi

[TepeBipka Mepexi 0 IMiIKITFOYCHHS MapIIpyTH3aTopa:
BignpaBnenHs makeTiB Ha poOodi CTaHI, K1 3HAXOAITHCSA B OJIHIN BIpTyallb-
Hill Mepexi (pucyHok 3.8).

Fire Last Status Source Destination Type Color Time (sec) Periodic Num Edit  Delete
@ Successful  ServerS PCS.2 ICMF . 0.000 N 0 (edit) (delete)
@ GSuccessful  PC5.56  Servers ICMP 0,000 N 1 (edit) (delete)
@ Successful PC4.36 PC42 [CMP . 0,000 N 2 (edit) (delete)
@ Successful  Serverd PC4.56 ICMP 0,000 N 3 (edit) (delete)

Pucynoxk 3.8— CkpuHIIIOT HepeBipKHU Nepeiadil MaKeTiB B OJIHINA BIpTyallbHIN
Mepexi

BianpaBnenns nakeriB Ha poOoUi CTaHII1, Kl 3HAXOASATHCS B PI3HUX BIpTya-
JBHHUX Mepexax (pucyHok 3.9).

Fire LastStatus Source Destingtion Type Color Time (sec) Periodic Num  Edit  Delste
@ Failed Servers Serverd ICMP . 0.000 N 0 (edit) (delete)
@ Fied PC5.56 PC4.2 ICMP 0.000 N 1 (edit) (delete)
@ Failed PC4.56 Servers ICMP . 0,000 N 2 (edit) (delste)
@ Failed PC5.2  Serverd ICMP . 0.000 N 3 (edit) (delete)

Pucynok 3.9 — CKkpHHIIIOT ITepeBipKH mepeaadi MakeTiB B Pi3HI BIpTyaibHi
Mepexi

[TepeBipka Mepexi micis MAKITIOYEHHS MapIIpyTH3aTopa:
- BianpapneHHs makeTiB Ha poOOUl CTaHIIII, K1 3HAXOAATHCS B OAHIN BIpTya-
JbHIA Mepexi (pucyHok 3.10).

Fire Last Status Source Destination Type Color Time (sec) Periodic MNum Edit  Delete
@ Successful  Servers PCS.2 ICMP . 0.000 M 0 (edit) (delete)
@ 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)

Pucynox 3.10— CxkpuHIIIOT nIepeBipKH Mepeadi MakeTiB B OAHIN BIpTyalbHIN
Mepexi

- BianpapieHHs makeTiB Ha poOoUl CTaHIIli, sIKI 3HaXOAAThCS B PI3HUX BIpTya-
JBHHUX 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 N 1 (edit) (delete)
@ Successful PC4.56  Servers ICMP . 0.000 N 2 (edit) (delete)
@ Successful PCS.2 Serverd ICMP 0.000 N 3 (edit) (delete)

Pucynok 3.11 — CkpuHIIOT EpEeBIpKHU Mepeaadl MakeTiB B Pi3HI BIpTyalbHi
Mepexi

- BukoHaHHs TpacyBaHHS MakeTiB J0 poOOYMX CTaHIIIN, SKI 3HAXOASITHCS B
PI3HUX BIpTyaJIbHUX MEpexKax.

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.

- BukonanHst TpacyBaHHS MakKeTiB JI0 30BHIIIHBOT MEPEXi, BUKOPUCTOBYBATU
IP anpecy cepgepa.

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 3aBnanHs

1 CrBoputu MOJEIh MEPEXI, MO CKIANAETHCS 3 2 MIAMEPEXK, 110 BXOASITh J10
cknany nBox VLAN 3 nomepamu Homep Bapiantat+1 1 X. Po3outu 6a3oBy migme-
pexy no maciui Y. BukopucroByBatu agpecy mepexi, X 1 Y 3riiHO 3 BaplaHTOM 3a-
BJIaHHS.

2 3'emnaté Mepexi 2-mMa KOMyTaTOpaMH, HaJallTyBaTH TMOPTH KOMYTaTopa
U1t po6oTH 3 BignoBimHuMH VLAN 13'e1HaTH KOMYyTaTOpH MiX CO0OI0.

3 Jlo 0HOTO 3 KOMYTAaTOPiB MIAKIIOYUTH MapIIPyTH3ATOP 3 2 MEPEKEBUMU
iHTepdercamu.

4 Jlo OTHOTO 3 KOMYTaTOPIB MIAKIIOYUTH MapIIPyTH3ATOP 3 2 MEPEKEBUMH
iHTepdeiicamu. 30BHILIHSI MEPEKa EMYIIOETHCSI KOMYTaTOPOM 1 CEPBEPOM.

3.3.1 Xing podoTun

1. Buznauutu agpecy mepexi, X 1Y s cBoro Bapianty (tabauis 3.2), Bapi-
aHT 3T1JIHO 3 HOMEPOM 3a CITUCKOM.
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Tabmuus 3.2 — BapianTu 3aBnasb

Howmep Bapianty bazosa anpeca X HOMED 2-TO Y macka
Mepexi VLAN i aMepexi
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
) 172.19.0.0 10 /27
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. Poszpaxysatu siki I[P agpecu moTpamisioTs B 3a7jaHy MacKy HiaMepexi, s
peanizalii moTpiOHO1 KUTBKOCTI M1MEPExK.

3. Y Packet Tracer 5.0 ctBoputu mozens LAN Takoro, 110 CKIa1a€Thes 3 ABOX
MIIMEpEX, KUIbKICTh POOOUMX CTAHIIN B KOXKHIN MiAMEpPEKl MOJEIN BU3HAYAETHCS
IMOYATKOBOIO 1 KIHIIEBOIO aApecor0. TakuM YMHOM B KOXKHIN migmepexi Oyzae 2 pobdo-
gi cranmii, IP anpecn sskux OyayTh MOYATKOBUMH 1 KIHIIEBMU aJpecamMHu XOCTIB IS
i€l maMepexi.

4. 3'emnatu komytatopu Cisco Catalyst 2960 Mixx co000 1 TIIKIIOUNATH IO
HUX poOOYl CTaHIII].

5. OO'exgnatu poOoui cTaHLii B pi3HI BIpTyaJibHI MEpPEXIi, 3T1IHO 3 Bap1aHTOM
3aBJIaHHA.

6. IlpoBecTu aHami3 i TECTYBaHHS MEPEXKi, 3TITHO 3 AITOPUTMOM HaBEACHOMY
HUKYE:

- JI0 OJIHOTO 3 KOMYTaTOpiB MIIKJIIOYUTH OJIMH 3 THTEp(EICIB MaplIpyTU3aTO-
pa;

- HaJAIITyBaTH MOPT KOMyTaTopa JyIsl MpoITycKaHHs Bcix Vlan-iB Ha mMapuipy-
TU3ATOD;

- Ha MapupytuszaTopi cTBOpuTH 2 mimiHTtepdeiicu, 3 [P aapecoro, Mmackoro 1
HoMmepowm BiamosigHoro Vlan-a;

- Ha Ipyromy iHTepderici MapuipyTu3aropa HanamryBatu [P agpecu 3 30BHi-
IITHBOT MEPEeXI1, /I 30BHINIHBOI MiAMEPEKi BUKOPUCTOBYBaTU AOBUTHHI IP ampecw,
10 HE MOTPAIUISIOTH B Jlama3oH JOKAIBHUX aJIpec;
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- 3'egHaTH ApYruil iHTEepdeiic MapuIpyTH3aTopa 3 KOMYyTaTOPOM 30BHIIIHBOT
Mepexl1, 10 SIKOTO MiAKITIOUYEHUN CepBep;

- Ha poOOYHUX CTAHIIAX MPOMHCATH OCHOBHUM IUTIO3, BiANoBiqHUM [P agpeci
niginTepdeicy Mmapupyruzaropa ais qanoro VLAN.

/. 3HIMOK €KpaHy MOJIe]l Mepexi, HaJlalTyBaHHS KOMYTaTtopa 1 MapuipyTH-
3aTopa HaJIaTH B 3BiTI.

8. AHaui3 1 TeCTyBaHHS MEPEXKi:

1) o migkITroYeHHS MapIipyTH3aTopa:

- BIIMPaBHUTHU MMAKETH HA pOOOYI CTAHIII1, IO 3HAXOAATHCS B OJIHIN BIpTyaIbHIN
Mepexi. BimoOpa3uTu pe3ynbTatu B 3BiTi,

- BIAMpPaBUTH MaKeTH Ha poOOUl CTaHIII1, IO 3HAXOAATHCSA B PI3HUX BIpTyallb-
HUX Mepexax. BimoOpasutu pe3ynbTaTH B 3BITI.

2) Tlicns migKIrOYeHHS MapIIpyTH3aTopa:

- BIANPaBUTHU IMAKETU HA poOOUIl CTAHIII1, IO 3HAXOAATHCS B OJIHIM BIpTyalbHIN
Mepexi. BimoOpasutu pe3ynbraTtu B 3BITi;

- BIJIIPABUTHU MAKETU HAa poOOYl CTaHIII, 1110 3HAXOASATHCS B PI3HUX BIpTyallb-
HUX Mepexkax. BimoOpasutu pe3ynbTaTi B 3BiTi,

- BHUKOHATH TpacyBaHHS MAKETIB 10 pOOOYMX CTaHIIH, 110 3HAXOASATHCS B Pi3-
HUX BIPTYaJbHUX Mepekax. BimoOpa3utu pe3ynbTaTH B 3BITi,

- BUKOHATH TPaCyBaHHS MaKETiB J0 30BHINIHLOT Mepexki, BUKOpUcToByBaTH [P
aapeca cepBepa. Binoopa3utu pe3yabTaTH B 3BITI.

3.4 IIuranusa

Skoro komannor npusHadaeTbcsi VLAN Ha mopT komyTaTtopa?
Sk npornsiayT! cimcok VLAN?
SIKk mpornsHyTH HaNnamTyBaHHA MOPTY?
Sk NOTJIAHYTH BCI HAJAIITYBaHHS KOMyTaTtopa?
SAx ctBopuTH migiHTepdeiic Ha MappyTHU3aTOpi?
Ax nonatu nmigiaTepderic MapmpyTusaropa B motpioanit VLAN?
Sk nepeBipuTH Tpacy MO SIKii WIYTh MAKETH J0 KIHIIEBOT Kpanku?
S npOorasHyTH BC1 HANAIITYBAaHHS MapIIpyTH3aTopa?
S BKJIIOYUTH MapIIpyTU3aiio?

10 SIkvMu BIaCTUBOCTSMHM IMOBUHEH BOJIOJIITH MOPT KOMYTATOPa, A0 SKOTO ITi-
JOKJIFOUEHUN MapuIpyTu3aTop?

©CoNok~wNE



30

4 IABOPATOPHA PABOTA Ne 4
JOCIIIZKEHHSA POBOTH 3 TIOTOKOBUMUM COKETAMMU B PEKUMI
OIIuTY

Meta po60OTH: BHBYATH POOOTY 3 MOTOKOBHMH COKETaMH B PEXKHUMi OTIHTY.
CtBOpUTH cepBEp KOTpHl Oy/ie BIATIOBIATH HA 3aIIUTH KJIIEHTIB.

4.1 TeoperuuHi BizomocTi

Socket API GyB Bnepie peamizoBanuii B oneparriiHiidi cuctemi UNIX. 3apa3
el nporpaMHuil iHTepdeic TOCTYMHUN MPaKTUYHO B OYyIb-fAKiM omepaliiiiHii cu-
cteMi. Xoua BCl peatizallii YuMOCh BIIPI3HSAIOTHCS OJMH BiJl OJTHOI0, OCHOBHHMI Ha01p
¢byHK1ik y HUX 30iraethesi. CoyaTKy COKETH BUKOPHCTOBYBAJUCS B Mporpamax Ha
C/C++, ayte B JaHMif yac BOHH € Maiike B BCIX HOBHMX MoBax mnporpamysanus (Perl,
C#, Java Ta iH.).

CokeTH HAJAIOTh JAYXKE MOTYKHHUM 1 THYYKUNA MEXaHi3M B3a€MOJIIi MiXk IMpoiie-
camu (IPC). Bonn MOXyTh BUKOPHCTOBYBATHCS IJIsl OpTaHi3aiii B3a€MOIii mporpam
Ha OJHOMY KOMIT'FOTEPI, MO JIOKAJIbHIN Mepexi ado uepe3 [HTepHeT, 1110 J03BOJIsI€ BaM
CTBOPIOBATU PO3IMOAUICH] JOJATKU Pi3HOI CkiaaaHocTi. Kpim Toro, 3 iX momomororo
MOKHa OpraHi3yBaTH B3a€MOJII0 3 MPOrpaMamu, IO MPAIOOTh Mij YNPaBIIHHIM
THIIMX ONEPALIITHUX CUCTEM.

CokeTn MATPUMYIOTh 0arato CTaHJAPTHUX MEPEKEBUX MPOTOKOJIIB (KOHKPET-
HUM X CIHCOK 3aJIeKUTh BiJ peanizallii) 1 HagaloTh YHI(pIKOBaHUN 1HTEpdeic s
poGotu 3 HuMHU. Haitbinbll 9acTo COKETH BUKOPUCTOBYIOThCSA Il pobotu B IP-
MepeKax.

CokeTH, HE3aJEKHO BiJl BHUIY, MOJAUISIOTHCS HA TPHU THUIH: MOTOKOBI, CHpI 1
nemtarpaMii. [I0TOKOB1 COKeTH MpaIIOIOTh 3 YCTAHOBKOIO 3'€AHAHHS, 3a0€3medyroun
HaJIlHY 11eHTU(dIKaIi0 000X CTOPIH 1 TapaHTYIOTh HUIICHICTD 1 YCIIIIHICTh JOCTaB-
KU JaHUX, cruparounch Ha mporokon TCP. [lefitarpamHi cOKeTH MpaIorTh 03
BCTAHOBJICHHS 3'€THAHHA 1 HE 3a0€3IeUyloTh Hi 11IeHTH]IKaLlli BiANpaBHUKA, HI KOH-
TPOJIIO YCIIITHOCTI JOCTABKH JIaHUX, 3aT€ BOHU IIBUIIIEC TOTOKOBHX, CIIMPAIOYNCH HA
npotokond UDP. Cupi cokeru, BOHM HaJalOTh MOJIMBICTb PYYHOTO (POpPMYBaHHS
TCP \ IP-nakeris.

Takox 1ICHY€ 2 BUJIU COKETIB:

- CHUHXPOHHI — 3aTPUMYIOTh YIIPABIIIHHS HAa YaC BUKOHAHHS ONeparlii;

- ACHMHXPOHHI — MOBEPTAIOTh YIPABIIHHSA, aJie MPOJOBXKYIOTh BUKOHYBATH PO-
60Ty B (POHI Ta Mmicysl 3aKIHUCHHS TOBIIOMIISIIOTH TIPO 1I€.

4.1.1 Pob6oTa 3 cokeTaMu

B nanomy BUNaaKy po3rissHEMO poOOTY 3 CHHXPOHHUMHU MOTOKOBUMH COKETa-
mu (TCP).

Peaumizartist cepBepa:

1) migrotryBaTH 610Ji0TEKY 10 BUKOPHCTAHHSI,

2) ctBOopuTH 00’€KT THIY Socket;
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3) 3B’s3aTH 1Iei 00 €KT 3 JIOKAITBHOKO aJPeCOr0/TIOPTOM;
4) mepelTH B PeKUM OUIKyBaHHS;

5) BUTATHYTH i3 YeprH 3aluT Ha 3’ €THAHHS,

6) mpuiiHATH/TICpeaaTH JaHi;

7) 3aKpUTH COKETH, 3BUTLHUTH PECYPCH.
Peamizamis kirienra:

1) migroryBatH 0i0JIIOTEKY 10 BUKOPHUCTAHHS;
2) ctBopuTH 00’€KT THIY Socket;

3) 3’eaHATHUCS 3 CEPBEPOM;

4) npuiHATH/TIEpEIaTH JaHi;

5) 3aKpHUTH COKETH, 3BUILHUTH PECYPCH.

4.1.2 Peanizanisi cepepa

Kpoxk nepmmuii. «IligzroroBka 0i01ioTexkm»

Jist pobotu 3 610mi0Texkor0 Winsock 2.X moTpiOHO MIJKIIOUUTH TUPEKTUBY
#include <winsock2.h> Ta mIAroTyBatu camy Oi0mioteky. s 1poro
BukopuctaeMo ¢ynkiiro WSAStartup (WORD wVersionRequested, LPWSADATA
IpWSAData).

- wVersionRequested — mapametrp tuny WORD, npuiimae 3HaueHHs1 Bepcii
COKETIB (CTapiuii 6alT ciioBa — HOMEp BepCli, MOJIOAIINIA — HOMEp TIiJ] Bepcii);

- IpWSAData — crpykrypa tury WSADATA, B KOTpY IpH YCHIIIHIN THIIIaTi-
3ar1ii Oyjie 3aHeceHa iH(opMallis mpo BUpOOHUKA 010J110TEKH.

[Tpuknan:
WORD sockVersion;
WSADATA wsaData;

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

B UNIX noni6bHux cucremax noTpiOHO MiAKIOYUTH TaKl JUPEKTUBH:
#include <sys/types.h>
#include <sys/socket.h>

Kpok apyruii. «CTBOpeHHs 00’ ekTy THIY SOCKet»

CtBopumo 00 ekt THy Socket. BukopuctoByemo ¢ynkmiro SOCKET s (int af,
int type, int protocol).

- af - cimeiicTBo npotokoniB (3a3Buyail BukopuctoBytotb AF _INET, T00TO
Internet mpoTokomn.);

- type — tun cokery — crnioci0 nepegadi JaHUX yepe3 Mepexy. B nanomy kypci
Mu Oynemo BukopuctoByBatu: SOCK STREAM 3 BcTaHOBJIEHHSAM 3’€IHaHHS, BU-
kopuctoByeTbesi B ocHoBHOMY 3 TCP Tta SOCK DFRAM 06e3 BCTaHOBIICHHS
3’€IHaHHS, BUKOPUCTOBYIOThCA 3 UDP;

- protocol — mpoToko i iepeaayi JaHux.

OyHK1Is oBepTae neckpuntop cokery, iHakme INVALID SOCKET.

ITpuxnan:
SOCKET s = socket (AF INET, SOCK STREAM, O);
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// 0 — mapamMeTp 3a Opo MOBUAHHAM, O3Hauae TCP.
Kpoxk TperTiii «3’€1HaHHS COKeTa 3 JIOKAJBHOIO A/I[PECOI0»

KiieHT mpum migkiIOYeHi MOBHMHEH BKa3aTH aapecy/mopT cepepa. OTxke Ha
CTOPOHI cepBepa MU MOBUHHI BKa3aTH aJpecy/TopT, a MOTIM MOEAHATH iX 3 COKETOM.
Jlnst mporo motpidHo Bukopuctatu gynkuito int bind (SOCKET s, const struct sock-
addr FAR* name, int namelen).

S — IECKPHUITOP COKETY 3 KOTPUM MH MOETHAEMO apecy/mopT;

name - ctpyktypa sockaddr, koTpa MiCTUTB ajipecy/mopT;

namelen — noexxuna cTpykTypu sockaddr.

SAxmio Bce 106pe, To QyHKINA moeptae «0».

Crpykrypa sockaddr mae Burssi:
struct sockaddr {
unsigned short sa family; // cimercrBO ampec, AF XxX
char sa datal[l4];// 14 Gawris nmus
// 30epiraHHsa ampecwu
i
Tak sk npamroBatu 3 Sockaddr He 3pydHO, TO MOYXKHA BUKOPHCTOBYBATH aJTh-
TEpPHATUBHY CTPYKTYpy Sockaddr_in:
struct sockaddr in {

short int sin family; // cimelicTBO ampecis
unsigned short int sin port; // HoMmep mopTa
struct in addr sin addr; // IP-anmpeca
unsigned char sin_zero[8]; // "momosHeuHa" mo

// po3Mipy CTpyKTypu
// sockaddr
i
[Tpuknan:
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));

Kpok yerBepTnii «Pe:kum 04iKyBaHHS»

Konu Mu cTBOpMiM COKET, OB’ s3]l MOTO 3 TIEBHOIO aJIPECOI0/TIOPTOM, Aaii
MU TIOBHUHHI TEpPEeHTH B PEXKUM OUIKyBaHHSA, TOOTO OUIKYBaHHS KIIIEHTIB Ha
nigkmoueHnas. s mporo BukopucroByemo ¢yskiiro int listen (SOCKET s, int
bac_klog).

S — IECKPHUITOP COKETY;

bac_klog — wmakcumanpHHMIZ pPO3MIp UYeprd Ha MIAKIIOYCHHS (KUTBKICTh
3’€JIHaHb, KOTP1 CEPBEP MOKE OJTHOYACHO OOPOOIIIOBATH).
[Tpuknan:

result = listen(s, 5);
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Kpoxk m’satuii « BUTaArTu kiieHra 3 4yeprm»

B pexxuMi ouikyBaHHS MU 4Y€KaEMO TOKHM KJIIEHTH HE 3’SIBUTHCS B 4Yep3l Ha
NIIKIIOYEHHS (3amuT Ha 3’€IHaHHA). SIK TUIBKM B uep3l 3’SBISETHCS 3alUT Ha
I1IKJIFOYEHHS, BUTATHYTH 3BIATH Horo MoxkHa 3a joroMoror gpynkmii SOCKET ac-
cept (SOCKET s, struct sockaddr FAR* addr, int FAR* addrlen)..

S- IECKPUTITOP COKETY;

addr- crpykrypa sockaddr. ITpu migkiarodeHi KIi€HTa B HEl 3allUCY€EThCs HOTo
aapeca/mopT. SAKIio Hac HE MIKAaBUTH ajpeca KiieHTa, MoxHa nepenata NULL;

addrlen — nosxwuna crpykrypu sockaddr;

@OyHKIlisS CTBOPIOE HOBUM 00’€KT THITy SOCKEt, 3 KOTpUM MU MOTIM OyaemMo
MpaIlOBaTH.

[Ipuknan:

SOCKET client;

result = accept(s, NULL, NULL);

Kpoxk mocruii «IIpuiiom/nepengaua 1anux»

Ham notpiOHo peasnizyBatu 0OMiH iH()OpMAIIIEIO MK CEPBEPOM Ta KIIIEHTOM.

Jlns mpuiioMy MOBIIOMIIEHb BUKOPUCTOBYIOTH (yHKIIito int send (SOCKET s,
const char FAR * buf, int len,int flags).

S - IECKPHUITOP COKETY KIIIE€HTA;

buf — 6ydep B KOTpuii MU OTPUMAEMO ITOBITOMJICHHS;

len — po3mip Oydepa;

flags — mpamoprii, (SIkmo He BUKOPUCTOBYEMO TO «0»).

[ToBepTae KIIbKICTh MPUUHATHX OAMT.

®yukiis send noBepTae yrpapIiHHS Bijpa3y Micisi BAKOHAHHS, HE3aJIeKHO Bif
TOT0 UM OTpHUMaJa iHIIa CTOpoHa 1HGOpPMAIIIIO.

Jns BiAmpaBiIeHHs MOBIJOMJICHb BUKOPHUCTOBYIOTH (pyHKIito Int recv (SOCK-
ET s, char FAR* buf, int len, int flags).

S - JECKPHUITOP COKETY KIIIE€HTA;

buf — 6ydep 3 moBigOMIICHHSM;

len — po3mip Oydepa;

flags — mpamopiti, (SIKio He BUKOPUCTOBYEMO TO «0»).

@DyHKIIS recv NOBEPTA€E YIPaBIIHHS TIIBKH MICHS TOTO SIK OTpuMaina iHpopma-
IFO.

[Ipuknan:

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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Kpox cbomuii «3aKkpuTH COKeT, 3BUIBHUTH pPecypcu»

[Ticist poGoTH ¢ KIIIEHTOM TOTPIOHO 3aKpUTH 3’€IHAHHA. Takoxk He 3a0yBaeMo
micias 3aKiHYeHHsT poOOTHM cepBepa 3aKpUBaTH OCHOBHUM COKET, poOUTU [ie
1HiIMami3aiio 610;110TeKH, 3BUTLHEHHS PECYPCIB.

[Tpuknan

closesocket (client);

closesocket (s8) ;
WSACleanup () ;

B UNIX noai6Hux cucteMax BUKOPUCTOBYIOTD:
#include <unistd.h>
int close(int £d);

4.1.3 PeaJizania KjicHra
Kpok nepmmuii. «IlizroroBka 0i0gioTexm»

st pobotu 3 610mi0Texkor0 Winsock 2.X moTpiOHO MIJKIIOUUTH TUPEKTUBY
#include <winsock2.h> Ta miaroryBaru camy O10mi0TeKy. JlJIsi IbOrO BHKOPUCTAEMO
¢dynkmiro WSAStartup (WORD wVersionRequested, LPWSADATA IpWSAData).
- wVersionRequested — mapametp Ty WORD, nipuiimae 3HaueHHs Bepcii co-
KETiB (cTapummii 0aiT cjoBa — HOMEP BEpCli, MOJIOIIINN — HOMEP Mij Bepcii);
- IpWSAData — crpykrypa Tty WSADATA, B KOTpy NpH YCHINIHIN iHITiaTi-
3ar1ii Oyjie 3aHeceHa iH(opmalris mpo BUpoOHUKA 010J110TEKH.
[Tpuxnan:
WORD sockVersion;
WSADATA wsaData;
sockVersion = MAKEWORD (2,2);
WSAStartup (sockVersion, &wsaData);

B UNIX nmoai6Hux cucremax moTpioOHO MiAKIIOUYUTH TaKi TUPEKTUBHU:
#include <sys/types.h>
#include <sys/socket.h>

Kpoxk npyruii. «CTBOpeHHsI 00’ €kTy THITY SOCKet»

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

- af - cimeiicTBO npoTokomiB (3a3Buyail BukopuctoBytotb AF _INET, To6TO
Internet nporokomnu.);

- type — tum cokeTy — crocib mepemadi 1aHux depe3 Mepexy. B manomy kypci
mu Oynemo BukopuctoByBatn: SOCK_STREAM 3 BcTaHOBICHHSM 3’ €qHAHHS, BUKO-
puctoByeTbest B ocHoBHOMY 3 TCP Ta SOCK_DFRAM 6e3 BcTaHOBICHHS 3’ €JHAHHS,
BUKOPUCTOBYIOThCS 3 UDP;

- protocol — mpoToko: [ mepeaadi JaHUX;

OyHKI1is TOBepTae neckpunrtop cokery, iHakme INVALID SOCKET.
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IIpuknan:
SOCKET s = socket (AF INET, SOCK STREAM, O0);
// 0 - mapameTp 3a OpO MOBUYaHHAM, O3Hauae TCP.

Kpoxk TpeTiii «3’€¢1HAHHA 3 CEPBEPOM»

Ha croponi kiieHTa HaM NOTPIOHO 3’€IHATHUCS 3 CEPBEPOM BKa3aBIU ajpe-
Cy/TIOpT cepBepa, IS IbOT0 BUKOpHCTOBYeMo ¢yHkiito int connect (SOCKET s,
const struct sockaddr FAR* name, int namelen).

S — IECKPUIITOP COKETY;

name — crpykrypa sockaddr, korpa micTuTh B co0i aapecy i MOpT BiANAICHOTO
BY3JIa, 3 KOTPUM MU OyaeMO 3’ €HYBaTHUCH;

namelen — po3mip cTpykrypu sockaddr.

[Ipuknan:

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));

Kpoxk yerBepruii «IIpuitom/nepexadya 1anux»

Ham notpiOHO peasnizyBati 0OMIH 1H()OPMAIIEIO MIK CEPBEPOM Ta KIIIEHTOM.

Jlnst mpuiioMy MOBiTOMIIEHs BUKOPUCTOBYIOTH (yHKIito int send (SOCKET s,
const char FAR * buf, int len,int flags).

S - JECKPHUITOP COKETY KIIIE€HTA;

buf — 6ydep B KOTpHIi MU OTPUMAEMO TTOBITOMIICHHS;

len — po3mip Oydepa;

flags — mpamopiii.

Bona noBepTae KibKiCTh IPUHHATUX OAMT.

®ymukiis send noBepTae yrpaBiHHS Bipa3y Micisl BAKOHAHHS, HE3aJIeKHO BiJ
TOT0 YK OTpUMaJa iHIIa CTOpoHa iHGOopMaIliio.

Jlnist BiAMpaBJIeHHs TIOBIJOMJICHb BUKOPHUCTOBYIOTH (pyHKIito int recv (SOCK-
ET s, char FAR* buf, int len, int flags).

S - IECKPUNTOP COKETY KIIIEHTA;

buf — Oydep 3 moBimOMIIEHHAM;

len — po3mip Oydepa;

flags — mpamopiii.

@DyHKITiA rEeCV ToBepTa€ YIPaBIiHHS TUIBKU IMICHSI TOTO SK OTpuMaa iHbop-
Marlito.

[Tpuknan:

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 m’satuii «3aKpuTH COKET, 3BUIHUTH PeCypCcH»

[Ticist poGoTH ¢ KIIIEHTOM TOTPIOHO 3aKpUTH 3’€IHaHHA. Takoxk HE 3a0yBaEmMo
micias 3akiHYeHHsT poOOTHM cepBepa 3aKpUBaTH OCHOBHUM COKET, poOUTU [ie
1HiIMami3aiio 610;110TeKH, 3BUTLHEHHS PECYPCIB.

[Tpukian

closesocket (client);

closesocket (s8) ;
WSACleanup () ;

B UNIX moai6HuX cucteMax BUKOPUCTOBYIOTD:
#include <unistd.h>
int close (int £d);

4.1.4 Tlpuxkaanx podoru 3 WinSock

Peagiizanisi cepBepa:
#include "stdafx.h"
#include <winsock2.h>

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

#define SERVER SOCKET ERROR 1
#define SOCKET OK 0

int tmain(int argc, TCHAR* argvl([])
{
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;
}

else

{
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 ("%$s", " ERROR (socket not
connected) 2?2 \n");
}
else if(val == WSAESHUTDOWN )
{
printf ("%$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;

Peanizania kiicara:
#include "stdafx.h"
#include <winsock.h>
#pragma comment (lib, "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) &éwsaData) ;
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, 0);

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 list);
serverInfo.sin port = htons(8888);

result=connect (theSocket, (LPSOCKADDR) &serverInfo,
sizeof (serverInfo));
if (result==SOCKET ERROR)
{
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 llpuxkaax podoru aias Unix noaiOHux cucrem

Exo-Kuienr:
#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, 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) ;
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 0;

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, 0);
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 0;

}

4.2 3aBnaHHs

Hanucartu cepep KoTpuil oqHOoYacHO Oyze BIiANOBIIATHA HA 3alUTH B KJII€H-
TiB.

JIJist CTyICHTIB KOTPI XOUyTh OTPUMATH BIJAMIHHY OIIHKY: KJIIEHT MOBUHEH
HAJICUJIATH IIOCEKYHIU TTOBITOMJICHHSI C IOTOYHOIO JaToro. Ha cTopoHi cepBepa pea-
J3yBaTH MEPEBIPKY, SIKIO MPUNHATA JaTa MapHa (CEKyHIH), Y BIAMOBIIb BiICUIATH
JaTy 110 MPUCIaB KIIEHT Ta MOBioMIeHHs «Yucmo napHey, iHakie «HYuciao He map-
HEY;

4.3 IIutanuga

1. o take coket? SKi iICHYIOTh TUIIU COKETIB?
2. SIxa QyHKIisSI BAKOPUCTOBYETHCS MPU CTBOPEHI cokeTy? OxapakTepusyirte
napameTpH KoTpl epearoThes y PyHKIit0?
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3. Hagimo Bka3zyBaTu Ha CTOPOHI cepBepa aapecy/mopt?

4. TlosicHITH, YOMY NIPU aapecallii COKeTIB BUKOPUCTOBYIOThCS Pi3HI CTPYKTY-
pH IEPETBOPEHHS TUITIB?

5. Slxa ¢GyHKIIS BUKOPUCTOBYETHCS JJIA YUTAHHA JaHUX 13 cokeTy? Oxapak-
TepU3yUTE mapaMeTpHu KOTpl MepeaaroThes y GyHKIIi0?

6. Sxi pyHK1ii 000B’SI3KOBO MOBUHHI OYTH MPUCYTHIMHU IIPU CTBOPEHHS Cep-
Bepa/kiienTa? OxapakTepu3yuTe BiAMOBIIb?
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5 TABOPATOPHA PABOTA Ne 5
JOCIIIZKEHHSA POBOTU 3 JATAT'PAMHUMU COKETAMMU B PEKUMI
OIuTY

Meta po6oTH: BUBUUTH POOOTY 3 JaTarpaMHUMHU COKETaMHU B PEKHMi OTIHTY.
CtBOpUTH cepBep KOTpUH Oy/ie BIAMOBIIATH HA 3aMIUTH KIIIE€HTIB.

5.1 Teoperuuni BizomocTi

JlaTarpaMHi COKETH BHUKOPHCTOBYIOTHCS B TIPOrpaMax HE TaK YacTO, OCKUIBKH
HAJIAHICTh Ay»e Hu3bka. KoprcHI BOHU TOJ1, KOJU MOTPIOHO MOCTIMHO TepeaBaTH
3BYK 1 Bifieo 1o Mepexi. OCKIIBKH JUIsl JaTarpaMHUX COKETIB HE MOTPIOHO BCTAHOB-
JIIOBATH 3’ €JIHAHHS, BAKOPUCTOBYBATH 1X 3HAYHO MPOCTIIIIE.

Peannizartist cepBepa:

1) migrotryBaTH 610JI0TEKY /10 BUKOPHCTAHHSI,

2) ctBoputH 00’ekT THITY Socket;

3) 3B’s13aTH 1ieit 00 €KT 3 JIOKAIBHOKO aIPEeCOI/TIOPTOM;

4) npuitHATH/TIEpeIaTH JaHi;

5) 3aKpHUTH COKETH, 3BUIBHUTH PECYPCH.

Peanizariis kmienTa:

1) migroryBatu 610Ji0TEKY 10 BUKOPHCTAHHSI,

2) ctBopuTH 00 €T THITY SOCKet;

3) mpuiHATH/TIEpeIaTH JIaHi;

4) 3aKpHUTH COKETH, 3BUIBHUTH PECYPCH.

CTBOpUBIIHM COKET 3a jJonoMororo Socket ta bind, Bu Bxe moxere BUKOpUCTO-
BYBaTH WOTO JUUIsl BIATIPABKY 1 PUHOMY MOBIJOMJICHB 3a TornoMororo GyHkIii sendto
Ta recvfrom.

JIns  BiAmpaBJieHHS MOBIJIOMJICHHS BHMKOPHCTOBYIOTH (yHKIi0 int sendto
(SOCKET s, const char FAR * buf, int len,int flags, const struct sockaddr FAR * to,
int tolen).

Bomna maitke Taka sik i Send, ane Mae 2 J0JaTKOBUX MTapaMeTPH:

- 1o — Bkasyemo ctpykTypy sockaddr, B koTpiii € agpeca IprU3HAYCHHS;

- tolen — po3mip cTpykTypH.

Jlns mpuiioMy AaHUX BUKOPUCTOBYIOTH (yHKIito int recvfrom (SOCKET s,
char FAR* buf, int len, int flags, struct sockaddr FAR* from, int FAR* fromlen ).

BignoBimHO 1 TYT € 2 M0JATKOBHX TapaMeTpH, OJMH 13 HUX CTPyKTypa SOCK-
addr, B koTpy MM 3ammiieMo aapecy/mopT BiANpaBHUKA (Ha IO K aapecy 1 Oyaemo
BIJIMOBIAATH B 3BOPOTHOMY HaIIpaBIli) 1 came po3Mip 1Ii€l CTPYKTYpH.

Jlopeui, Mo)KHa BUKOpUCTOBYBaTH 1 GyHKIii Send Ta recv, 3poOusiim CONNeECt,
ajle MalTe Ha YyBa3i, IO HISKOrO 3’€IHAHHSA HE BIAOYBA€ThCSI, MH IIPOCTO 3a-
1am’sITOBYEMO afipecy.
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5.1.1 IIpuxnax podoru WinSock

Peagiizanisi cepBepa:

#include "stdafx.h"

#include <winsock2.h>

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

#define SERVER SOCKET ERROR 1
#define SOCKET OK 0

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,
ADDR) &client addr, &client addr size);
if (result == SOCKET ERROR)
printf (" ERROR recvfrom()
%d\n", WSAGetLastError());

HOSTENT *hst;

(LPSOCK-

error:
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hst=gethostbyaddr ((char *) &client addr.sin_addr,4,AF INET);
printf ( inet ntoa(client addr.sin addr),
sin port));

recv_buf[result]=0;

printf (" = Message from client: %s\n", &recv buf[0]);

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;

Peanizanis kiaienra:

#include "stdafx.h"

#include <winsock.h>

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

#define CS_ERROR 1
#define CS OK 0

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

{

WORD version;

WSADATA wsaData;

int result;

version = MAKEWORD(2,2);

WSAStartup (version, (LPWSADATA) &éwsaData) ;

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,
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(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 *) &server addr, é&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[100];

scanf ("%s", a);

return CS_OK;

5.1.2 llpuxkaan podoru (aast UNIX moaionux cucrem)

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

"Hello there!\n";
"Bye bye!\n";

char msgll[]
char msg2/[]

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 0;
Iporpamma 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 0;

}

5.2 3aBpanus

Hamucatu iieHT-CEpBEpHMI 3aCTOCYHOK, KOTpHM Oyne mpairoBaTtu 3 jgaTa-
IPaMHUMH COKETaMH.

JIJist CTYJIEHTIB KOTP1 XOUyTh OTPUMATH BIIMIHHY OIIIHKY: KJIIEHT MIOBUHEH Ha-
nicinatu yucio Bix 1 mo 10, a y BiAMOBIAE BiJl cepBepa OTPUMATH CTUIBKU MOBIIOM-
JIeHb, CKIJTbKHM OYJ10 BKa3aHO KIIIEHTOM,

5.3 lIutannsa

1. OnumiTe npuHLMI POOOTH AaTarpaMHUX COKETIB?

2. B domy mossrae pi3HHLA MXK JaTarpaMHAMHU COKETaMH 1 TOTOKOBUMU?
3. HasBith (yHKIIIT 111 OTpUMaHHS 1 BiAMPaBICHHS MOBITOMJICHB?

4. Slxi monst MicTUTB cTpyKTypa sockaddr?
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6 IABOPATOPHA PABOTA Ne 6
JOCIIIZKEHHSA POBOTU ACUHXPOHHUX COKETIB

Meta po6oTH: BUBYECHHS pOOOTH aCHHXPOHHHMX COKETaMU B PEKHMI MOTOKIB
BUKOHAHHS, TOOTO B PEeXUMI, KOJIM poOOTa 3 KOKHUM KIIIEHTOM IPOBOJUTHCS B
OKPEMOMY CEPBEPHOMY MOTOLII.

6.1 TeoperuuHi BizomocTi

Sk BM mam’ATaere, CHHXPOHHI COKETH 3aTPUMYIOTh YIPaBJIIHHS HA 4ac BUKO-
HaHHS ONEPAIlilo, B CBOIO YEPry aCMHXPOHHI MMOBEPTAIOTh YIIPaBIiHHS, aje MpoaoB-
KYIOTb poOOTY B (POHI Ta MicCysl 3aKIHUCHHS TTOBIIOMIISIOTH TIPO 1I€.

VY BUNAAKY 3 CHHXPOHHHUMH COKETaMHU CEpBep MPUUHSBIIM HOBOTO KIIEHTA
npaifoe 3 HUM (0OMIHIOEThCS 1H(GOPMAITI€I0), alie 1HII KIIEHTH YeKalTh B Uep3i, Mo-
KU CEpBEP HE 3aBEPLIUTH POOOTY 3 IMM. ACHUHXPOHHI COKETH MPALIOI0Th MMapaieIbHO
- BUTATYE KII€HTA 3 4YEpru, MOPOJKY€E MOTIK/TpoIeC, Nepeaae HoMy JIEeCKpUITOP
KJII€EHTa (KOTpUi noBepHyna (GyHKIisA accept), 1eil noTik/mpouec moYyrmHae MnpamoBa-
TU B (DOHI, B CBOIO YEPTy CEPBEP 3HOBY BUTSTYE HOBOI'O KJIIEHTA 3 YEPTH 1 TaK JaJil.

ACHHXPOHHI COKETH CIIiJI BAKOPUCTOBYBATH TaM, JI€ € BEJIMKE HABAHTAKECHHS
IIpH Nepeaayl JaHuX.

Peanizariiss mporpaMHOi1 YaCTUHU 3aJIMILAETHCA TAKOIO K SK 1 IPU CUHXPOHHUX
coHeTax. BUHATKOM € Te, o0 MU 00p00IIF0EMO 1H(POPMAILIIIO B MOTOL, & CaM€, BUTST-
HYBIIY 3aIUT BiJ] KJIIEHTA 3 YEPTH, MU MIEPEIAEMO HOTO ECKPUNTOP B (DYHKIIIIO, KOT-
pa BUKOHYETHCS B MOTOLII.

6.1.1 TekcT nporpamu

Peauizanis cepBepa:

#include "stdafx.h"

#include <winsock2.h>

#include <conio.h>

#include <process.h>

fpragma comment (lib, "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 *)Arqg);
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* argvl([])
{

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*) &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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Peanizanist kiaienra:

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

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

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

#define CS ERROR 1
#define CS OK 0

char send buf[1000] = "";
char recv_buf[1000] = "";

void MyFunction (void * Arqg)
{
while (1)
{
int Socket=(* (int *)Arg):;
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) &éwsaData) ;

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 list);
serverInfo.sin port = htons(8888);

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

sizeof (serverInfo));
if(result==SOCKET7ERROR)
{



50

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 af[100];

scanf ("%s", a);

return CS_OK;
}

6.2 3aBnanusa

HamucaTtu kiieHT-cepBEepHUN 3aCTOCYHOK, KOTpui Oyne MmpaIfioBaTé 3 MOTO-
KOBHMH a00 JaTarpaMHUMH COKETaMHU B aCHHXPOHHOMY PEXHUMI.

JIJist CTYJIEHTIB KOTP1 XOUyTh OTPUMATH BIIMIHHY OIIIHKY: KJIIEHT IOBUHEH Ha-
JicnaT SIKUCh daiil, HampuKIIal pUCyHOK. 3ajaya cepBepa, 30epertu Horo B mariii,
3 Ha3BOIO SIKa BIJIMIOBIJIa€ ATl MPUUHATTS (aiiry;

6.3 [Turauus

1. o Take COKET, K1 € TUIIM Ta BUIU COKETIB?

2. B gomy nomsrae pizaui mik WIinsock ta cokeramu, KOTpi BUKOPHCTOBY-
10Thcst B UNIX moaioHux cucremax?

3. Ski QyHKIii MOTPiOHO BUKOPUCTOBYBATH IIPU POOOTI 3 MOTOKAMH?

4. Konu 6axaHO BUKOPUCTOBYBATH aCUHXPOHHI cOKeTH? YoMy BU Tak BBaXKa-
ere?
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7 CAMOCTIHHA POBOTA

7.1 MeTta T2 3aBJAaHHA TUCHHUILTIHA

MeToro BUKJIQEHHS JUCHUIUTIHY « TeIeKOMYHIKaIliiiHI CUCTEMHU 1 TEXHOJIOT11»
€ 3’siICyBaHHs MPOoOJEeM PO3POOKU TEIEKOMYHIKALIMHUX CUCTEM 3 BUKOPHUCTAHHS CY-
JacHUX 1H(OpPMaIIMHUX TEXHOJIOTIA Ta OpraHizailii B3aeMoiii TeJeKOMYHiKaIlliHUX
cucTeM 3 iHpopMaIitHUMHU CUCTEMaMH.

[licnst BUBYEHHS TUCUMIUIIHUA CTYI€HTH IMOBUHHI 3HATH:

1) mpo TUIOBI TEIEKOMYHIKaIiliHI IPUCTPOT;

2) Tpo iCHYI0Yi 3ac00M OOYTOBH TEIEKOMYHIKAIIHHUX CUCTEM;

3) mpo cydyacHi MepexeBi MPUCTPOT;

4) mpo TEeHIEHIIi1 pO3BUTKY MPOTPAMHUX 3aC001B CHCTEM, IO POCKTYIOTHCS,

5) mpo MeToAM JOCTIIKSHHS CIIPOSKTOBAHUX TEIIEKOMYHIKAIlIHHIUX CUCTEM.

VY pesynbTari OomaHyBaHHS HaBYAJIBHOIO JUCIMIUIIHOK CTYJIEHTU IOBHHHI
BMITH:

1) po3poOJIATH CTPYKTYPHI CXEMH TEICKOMYHIKAIIIHHAX CUCTEM;

2) mporpamyBaTH TEJICKOMYHIKAI[iiHI TPUCTPOT;

3) mocnimKyBaTh (GYHKIIIOHYBAHHS TEJICKOMYHIKAI[IHHUX MIPUCTPOIB;

4) 3HATH apXiTEKTypHI XapaKTEPUCTHKH CYYaCHHUX MEPEKEBHX aJalTepiB Ta
BMITH X 3aCTOCOBYBATH IPU MPOCKTYBAHHI TEICKOMYHIKAIIMHUX CUCTEM;

5) 3HATH OCHOBM TEJICKOMYHIKAIIHHUX TEXHOJIOTIH.

3HaYeHHs TUCLUIUTIHU JUIsl pealizalii BUMOT KBal(PiKaliiHOI XapaKTEepUCTH-
KM (paxiBIlsl Ta BUBUCHHS HACTYMHUX JUCIUIUIIH TOJISITAE B TOMY, IO JUCHUILIIHA
OXOILTIOE IHUPOKE KOJIO TMUTaHb, TIOB’SI3aHUX 3 PO3POOKOI0, MPOTPaMyBaHHIM Ta J0-
CIIPKEHHSM TEJIEKOMYHIKAI[IMHUX CUCTEM 1 TEXHOJIOT1H.

JlucuuruiiHa € 6a30BOIO JUIsl TUCHUIUTIH «MeTpoJiorisi Ta BUMIpIOBaJIbHA TEX-
Hika», «TexHomorii TPOEKTYyBaHHS KOMIT' FOTEPHHX cHCTeM», «lIpoekTyBaHHS
crnerianizoBanux KCy, «IIpoexryBanus BOynoBanux KCy.

7.2 3MicT JUCHUILIIHA
3micToBuii Moay/b 1. 3arajibHa XapaKTepUCTHKA TPAHCHOPTHOI Mepexi
nepeaavi JaHux

Beryn B cucremu nepenaui ta mepexi SDH

[Ipeamer Ta 3aBmaHHsA Kypcy «TenexkomMyHiKalliifHI CHCTEMH 1 TEXHOJIOTI.
Merta Ta 3aBaaHHs Kypcy «TenekoMyHiKaliiHI CUCTEMHU 1 TeXHOJor11». OCHOBHI MO-
HATTA Ta BU3HauYeHHs. OCHOBHI MpuHIUNU nooynosu Mepex SDH. PiBHi Tpancnopt-
HO1 MEpexI.

OcHoBu nod0yaoBu cucremu nepeaadi SDH

Cknajn, mpu3HA4YEHHST Ta MOMKJIIMBOCTI OCHOBHOro ob6ianHanHs. [loOypoma
LMKJIIB TIepeiadyl CHHXPOHHHUX TPAHCIIOPTHUX MOAYJiB. EeMeHTH CTpYKTypH IUKJIIIB
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nepenavi. CTpyKkTypa 3arojoBKiB Ta MOKa3HHUKIB IUKJIIB Nepeaadi. AIroputM noody-
JIOBY LIUKITY Tiepenayl curaany STM-1.

IToOynoBa CHHXPOHHHMX MYJIbTHILJIEKCOPIB

Ocob6muBocTi mooynoBu. Ckiaa 6a30BOro MyJIbTUILIEKCOPA Ta HOTO CTPYKTYP-
Ha cXema.

IopiBHAJILHUI aHAJII3 MJIE3I0XPOHHUX TA CHHXPOHHUX IU(PPOBUX CUCTEM
nepenavi

[Ine3ioxponHi nudpoBi cuctemu mepedadi i ix iepapxis. OcoOIMBOCTI CHH-
XpOHHHX IHU(POBUX cUcTeM mepenadi. [lepeBaru cucrem mepenaui ta mepex SDH
nepes ie310XpOHHUMH U(PPOBUMH CHCTEMaMU Tiepe/iadi.

Oco0s1uBOCTI MOOYA0BY CMHXPOHHMX JIHIMHUX TPAKTIiB

CtpykTypa 1 OCHOBHI MapaMeTpy CHUHXPOHHHUX JIHIMHHUX TpakTiB. ONTHYHI
cekIli 1 ix mapamerpu. OJHOMOJOBI ONTHUYHI BOJIOKHA 1 ix mapametpu. [lepemaua
CUTHAJIIB 10 ONTHYHUM BOJIOKHAM. 3aTyXaHHs ONTUYHUX CUTHANIB. Jucmepcia om-
TUYHUX curHaiiB. [IoOygoBa oNTUYHUX MEpeaTYNKIB Ta IPUITMAYiB.

XBWIbOBE MYJbTHILICEKCYBAHHA OIITHIHUX CHI'HAJIIB

[Ipocti, minbHI Ta BUCOKONIUIbHI cuctemu mnepegadi WDM. Crpykryphi
CXeMH MpUMalIbHO-TIEpEIaBAIbHUX TPAKTIB. BOIOKOHHO-ONTHYHI MiACHIIOBaYl 1 1X
3aCTOCYBaHHS B JIIHIMHUX TPAKTaX.

OcHoBu nodyn0Bu Mepe:xxk SDH Ta ynpapiiiHHs HUMU

Tomomnorist mepexx SDH. Apxitektypa mepexx SDH. OcHoBH mpoekTyBaHHS
mepex SDH.

3micToBuii MoayJib 2. be3apoToBi Mepexi nepeaavi JaHuX
Bbe3aporosi JiokaabHI Mepexi

3aranpHi BiomocTi npo WLAN. Apxitekrypa 0e3ApOTOBUX JIOKaJbHUX Me-
pex. Bigomocti ipo pynkiionyBanass WLAN. TexHoI0Tii MHOKMHHOTO JOCTYIY B
WLAN. Pagiorexnosnorii ¢izuunoro pisus WLAN crangapty IEEE 802.11.

Be3apoToBi nepcoHasbHi Mepexi

3aranpHi BiIoMOCTI mpo 0e3apoToBI mepcoHanbHi Mepexi. Bluetooth texno-
noris. [lepconansai Mepexi ctangapty IEEE 802.15.3. [lepconanbHi Mepexi 3 HU3b-
KOO IIBUAKICTIO TIepeaadi qanux (ZigBee mepexi).
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Mepexi IIMPOKOCMYTOBOro 0e31pOTOBOrO J0CTYIy CiMelCTBAa CTaHAAPTIB
IEEE 802.16

CimetictBo cranmaptie. WiMax. MAC-pisens cranpapty IEEE 802.16-x.
®iznynnii piers cnerudikamii WirelesSMAN-SC. dizuunuii piBeHb crerpdikarii
WirelessMAN-OFDM.

YHiBepcajibHa cucteMa MoOiJIbHOTO 3B’ s13ky UMTS

Apxitektypa 1 npuHuunu ¢yskimionyBanas UMTS. [lpunnunu opranizaiii
kaHaniB B cuctreMi UMTS. Apxitektypa panioinrepdeiicy B cuctemi UMTS. Tlporre-
aypH ¢iznyHoro piBHs B cuctemi UMTS.

ApxitekTypa i pagiointepdeiic CDMA2000

[lepmmii craHgapT CTUIBHUKOBOTO 3B 53Ky Ha 0asi Ttexnonorii CDMA 1S-95
(cdmaOne). Pamiointepdeiic CDMAZ2000. Opranizamis —(Qi3UYHEX — KaHAJIB
CDMAZ2000. Penizu CDMA2000.

Apxitekrypa crangapry LTE (4G)

ApxitekTypa mepexi Tta npotokonu. Texnomnorii OFDM, MIMO. Ominka ka-
Hay. Anantaiis. KananbHe Ko yBaHHS.

3micToBuit Moay.JIb 3. OCHOBM TeOpii CHCTEeM AaBTOMATHYHOI0 YIIPABJIiHHS
3arajbHi BITOMOCTI PO CHCTEeMH ABTOMATHYHOI0 YIIPABJIIHHA

Bunu cucrtem aBromatudHoro ynpasiiHHs. [Iporpamu i anroputmu ynpasiiiH-
HSL

be3nepepBHi JiHiiHI CHCTEeMH ABTOMATHYHOI'0 YIIPABJIIHHA

Jlineapu3auis nudepeHUiiHNX PIBHSHb CUCTEM aBTOMATUYHOIO YMPABIIIHHSL.
JuHamiyHl JaHKd 1 iX xapaktepucTuku. CKiIaJaHHS BUXITHUX AUPEPEHIIITHUX
PIBHSIHb CUCTEM aBTOMAaTWYHOro ympaniiHHs. Kpurtepii criiikocti. [ToOygoBa kpuBoi
MEepPEexiTHOTO MPOLeCYy B CHUCTEMax aBTOMATUYHOrO yrpaBiiHHS. OIliHKa SKOCTI
yropaBiiHHS. Bunaakosi npoiecu B CUCTEMaX aBTOMATHYHOTO YIIPABIIIHHS.

JIiHiliHI TUCKPeTHI cucTeMn
ImnynscHi cuctemu. [{udposi cucremu.
HeuiniiiHi cucTeMy aBTOMATHYHOTO YIIPABJIiHHSA

CknananHsi piBHSHB HETIHIWHUX CHUCTEM aBTOMATHYHOTO yIpaBiiHHSA. TouHi
METOIN TOCHIKEHHS CTIHKOCTI Ta aBTOKOJIMBaHb. HaOmikeHl METOIU ITOCIIIHKEHHS
CTIHKOCTI Ta aBTOKOJIMBaHb. BumaakoBi mporiecu B HENIHIWHUX cucTeMax. HemiuiiiHi
JTUCKPETHI CUCTEMH.
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OnTuManbHi I aIaNTUBHI CHCTEMH ABTOMATHYHOIO YIIPABJIiHHSA
OnTumalbHI CUCTEMH. AJJTaNITUBHI CUCTEMU.

7.3 Po3noais 06'eMmy camocTiiiHoi po6oTH
Posnoain 06’emy camocTiiHUX poOIT BKazaHo y Tabmui 7.1,

Ta6mui 7.1 — Po3nois 06’eMy caMOCTiHUX pOOIT 11O BUTY POOIT

Bunx pobotn O06’eM, ronuH

1 TlinroroBka 10 7a00paTOPHUX 3aHSIThH 10
2 TligrotoBka 3BiTiB 1O JaOOPATOPHUM POOOTAM 8
3 IligroroBka 10 TECTIB 12
4 BuxoHaHHS po3paxyHKOBO-TpadidyHOi poOOTH 10
5 Po06oTa 3 KOHCIIEKTOM JIEKIIil, METOTMIHUMH BKa3i- 3
BKaMH, OCHOBHOIO Ta JI0JIATKOBOIO JIITEPaTyPOIO

Ycbro 3a Kype 48

7.4 Ex3aMeHaniiiHi NUTAHHSA

1. OcuHoBHi mpuHIMIHU T0OYA0BH Mepex SDH.

2. Cknaj, mpyu3HAYEHHS Ta MOXJIMBOCTI OCHOBHOTO OOJIaHAHHSI CUCTEM Tiepe-
maul SDH.

3. [ToObymoBa 1UKIIIB Mepeadyi CAHXPOHHUX TPAHCIIOPTHUX MOJTYJIIB.

4. EneMeHTH CTPYKTYpH LIUKJIIB TIepeaayl.

5. [TobymoBa CHHXpPOHHUX MYJIBTUILIEKCOPIB. OCOOIMBOCTI MOOYIOBH.

6. Ckiiag 6a30BOT0 MyJIBTHILIEKCOPA Ta HOTO CTPYKTYpHA CXEMa.

7. [1ne3i0xpoHH1 HU(POBI CUCTEMU NIEpeiayl 1 X 1epapxisl.

8. IlepeBaru cuctem nepenaui Ta mepex SDH nepen miesioxporanmu mudpo-
BUMU CHCTEMaMU Tepeayi.

9. CtpykTypa i OCHOBHI TapaMeTpH CUHXPOHHUX JIHIMHUX TPAKTiB.

10. OnTryHI ceKIIii 1 X mapaMeTpu.

11. OqHOMOIOBI ONITHYHI BOJIOKHA 1 X TTapaMeTpH.

12. Tlepenava cUTHAIB TIO ONITUYHUM BOJIOKHAM.

13. 3aTyxaHHsI ONTUYHUX CUTHATIB. J[McTepcis ONTUYHUX CUTHAIB.

14. TloGynoBa ONTUYHUX NIEPENATUYNKIB Ta MPUKMAYIB.

15. TIpocrTi, muIbHI Ta BUCOKOIIUTRHI cucTemu nepenadi WDM.

16. CTpyKTypHi CXeMH NpUNMAaIbHO-TIEPEIaBAIbHIX TPAKTIB.

17. Tonosnoris mepexx SDH.

18. ApxiTektypa mepex SDH.

19. MHOXMHHHUH JOCTYN 3 YaCOBHM, YaCTOTHUM 1 KOJIOBUM PO3[IJICHHSIM Ka-
HajiB. CTpyKTypHa CXeéMa CHUCTeMH O€3ApOTOBOro JOCTymy. AyTeHTHdIKaIs Ta
11eHTHIKAaITIs.

20. OpTOroHaNbHO-4YaCTOTHE MYJbTHUIUIEKCYBaHHS. 3aBMUpAHHS CUTHAIIB Yy
pajiokaHaax.
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21. be3npoToBi noKabHI Mepexi. ApxXiTeKTypa Mepesxi. Pi3HoBuaM cTaHaapTy
IEEE 802.11. Yactornuii mianasoH. IlIBuakocti nepenayi. JlanpHicTh 3B's13ky. MHO-
KUHHUHN JOCTYH 3 KOHTPOJIEM HECYUOi 1 BUSBIICHHSIM KOJII31H.

22. Crpykrypa MAC-kanpy. OcobiuBocTi o0y 10BU (HI3UYHOTO PIBHSL.

23. Mepexi Bluetooth. Apxitextypa mepexi. Kinacu moTyKHOCTI MPUCTPOIB.
YactoTHuit mianazon. IIBuakocti nepegadi. CTpuOKonoaiOHa 3MiHA 4acTOTH B (i-
3UYHUX KaHanax. CTpyKTypHa cXeMa CUCTeMHU 0e3/IpOTOBOTO JOCTYITY.

24. MHOXUHHHM JOCTYT 3 KOJOBUM PO3JIIJICHHIM KaHAaIiB.

25. IlepcoHalibHI Mepeski 3 HU3bKOI0 MBUAKICTIO Tiepenadi Zig Bee. Tomosoris
MEpexi.

26. ®i3nuHui piBeHb. MHOXUHHUIN JOCTYN 3 KOJOBUM PO3IIJICHHSIM KaHAIB.
Camoopranizailisi Mepexi.

27. Mepexi MUPOKOCMYTroBOro 0Oe3apoToBoro goctymy craHaapty |EEE
802.16. PizHoBuam crangapry. Jiamazonu wuactor. IlIBuakocTi mnepenadi iH-
dopmartii. Pi3HOBUIM BUKOPHCTOBYBAHMX MOJIYJAIi. OpTOroHaJIbHO-4aCTOTHE
MYJIbTUILIEKCYBaHHS.

28. ®i3uunmii piBenb. Texnomoris MIMO. Smart-antenu. ApxiTekrypa me-
pexi.

29. Crangapt GSM. Apxitektypa mepexi. [Ipuniun podotu mepexi. HactoT-
Hui miama3oH. Kiacrepna crpykrypa mepexi. Kiacu motyxHOCTI MOOUIBHUX TPU-
CTpoiB. MeToA IOCTYIy B MEPEXI.

30. 3aBMupanHns curHaiiB. CTpykTypa MOOUIbHOI cTaHilii. CTpykTypa 6a30B0i
cTaHIlii. AHTeHHI cucTeMu. Poyminr. XeHioBep.

31. Apxitektypa cuctemu MobinsHOrO 3B's13Ky UMTS. ApxiTekTypa mMepexi.
(Po3pobxu 1994 p., 2004 p., 2007 p.). [Ipuniun poObOTH Mepexi.

32. JloriuHi Ta TpaHCHOPTHI KaHAJIH.

33. PiznoBuau crangaptis CDMA.

34. 3aranpHa XapakTepucTuka pagiointepdeiicy 1S-95.

35. Xapakrepuctuka 1 npuHimn Aii GizuyHoro piBHs ctaHmapty 1S-95 (mps-
MU 1 3BOPOTHUI KaHa).

36. ApxitekTypa mepexi 1S-95.

37. 3aranbHa XapakTepucTuka pamioinrepdeiicy cdma2000.

38. ®iznynnii pisers cdma2000.

39. Buau cucteM aBTOMAaTHUYHOTO yrpaBiiHHSA. CTpyKTypHaA cXeMa CUCTEM aB-
TOMATUYHOTO ynpaBiiHHs. JIiHIMHI Ta HENIHIAHI CUCTEMH aBTOMAaTUYHOIO YIpPaBJIiH-
HSI.

40. Cxnannuii 00'exT. AHai3 eTaniB yHIpaBIiHHS CKIaJHUMH 00'€KTaMHU.

41. CtpyKkTypHa cxeMa CUCTEMU afanTailii (mapaMeTpuyHoOi 1 CTPYKTYPHOT).

42. Meton MojieTtoBaHHs CKiIaaHUX nporieciB MonTe-Kapio.

43. I'pamieHTHUN METOJi BHIMAJKOBOTO TONIYKY B 3ajadax ONTHUMI3aIlii mpo-
IIPOIICCIB aIanTaIlii.
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