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30pDKHTYBATHCS 1 MpOaHai3yBaTH 3aJIEKHOCTI TEXHOJIOTIM 1 BHSIBUTH IEpEBarv Ta

HEJI0JIIKHM KO’KHO1 TEXHOJIOT1i HaBiAMIHY Bij iHpOpMaIIii 1110 Halae mpoBaitiep.
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BCTYII

Cucrema mnpoBaiiiuHra I1HTEpEeHT Oylla CTBOpEHa I 3PYYHOTO BHUKOPUCTAHHS
nepeBar Mepei B KOXKHOMY OyAMHKY JUIS KOKHOTO KOPUCTYBada. 3a 4ac CBOTO iICHYBaHHS
BOHA 3a3Haja 0araTo 3MIH MPaBOK 1 JOOIPAIIOBAHB K1 B HAIIl YaC MPUBEJH A0 CTaHy KOJIU
Maiixke B KOXKHOMY OyIMHKY BUKOPUCTOBYETHCS Ta UM 1HILA TEXHOJIOTiA NMpoBalauHTy. Bia
OJTHOKIMHATHHMX KBapTHUP 3 OJJHUM KOPUCTYBadeM J0 MAIITAOHUX KOMITaHIH HapaXxOBYHOUNX
TUCAYl CHIBPOOITHHKIB 3apa3 HIXTO HE YsABJIs€ poOOTy 0e3 IHTepHETy 1 BiacHe 0e3
KOMIIaHii, 10 HAAAIOTh TaKi MOCIYTH.

Hacammnepen iHTepHET-poBaiiiep 1ie KOMIIaHisl sKa MOCTABIISE IHTEPHET MOCIYTH,
11e MOke OyTH opraHizailisg abo 613HeC CTPYKTYypa, sika MPaloe 3 KJII€EHTaMH 1 HaJla€ JOCTYTI
JI0 TEXHOJIOT1M MPOBANAMHTY TOOTO IMIIKIIOUEHHS 10 IHTEPHET MEPEKi 3a MEeBH1 KOIITH, K
PABUIIO HIOMICSIYHI.

baraTo mrozieit HaBiTH HE3AMUCIIOIOTHCS HAJ THM SIK caMe MpAIIoe MpoBaiiaep, 00
o0 3pO3yMITH BeCh IUIAX OITIB iHPopMAaIli SKi MPOXOASATh 10 HAIIUX TaHKETiB Tpeda
BUBYHTH yCIO IHPPACTPYKTYPY Ta TEXHOJIOTI K1 MOXKYTh CYIIIIILHO BIIPI3HATUCH OJTHE Bij
OJTHOTO 1 KOK€Hb JIEHb OHOBJIIOBATHCH.

VY 1iif qunIOMHIM poOOTI S POCTIOBIM MPO OCHOBU IHTEPHET MPOBANAMHTY, SIK BOHH

IPAIIOI0Th, HA YOMY BUKOPHUCTOBYIOTHCS 1 HAMTOJIOBHIIIIE HA SKUX JIOKAITISAX.

MeTa AUIIOMHOTO MPOEKTY —PO3pOo0Ka armapaTHUX Ta MPOTPAMHUX PIIICHb

JUTS TOOYTOBY TTPOBAKIMHTOBO1 KOMIIaHii.

3aBJaHHs [MIVIOMHOTO TNPOEKTYBaHHSl — BHBUYEHHA Ta TOPIBHCHHS
TEXHOJIOTI TPOBAWIMHTY IHTEPHETY B CEIMINAX MICBKOTO THIY. Bu3HaueHHS
HaWKpamoi TexXHOJOTil 1 moOya0BH Mepexi MPOBAWIUHTY IHTEPHETY B CEIUIIax
Micbkoro Tuity. [lopiBHEHHS ICHYIOUHMX MPOBalepiB IHTEPHET MEPEK B MiCTax Ta 3a

X MEKaMHU.




00'exT npoexkTyBaHHA — J[oManIHsa Ta MOOUIbHA MepeKa IHTEPHETY 00JaCHUX
paiioHiB YKpaiHu.
IIpeamer nmpoeKkTyBaHHSI — CTBOPEHHSI KOMII FOTEPHOI MEpExi JJs HaJdaHHS

MOCJIYT 10 AOCTYNY 10 Mepexi [HTepHer

MeToan NMpoeKTYBaHHSI — aHATI3 CUTHAIY IHTEPHETY 3aBJSKHA IPOrpaMmam
BIJICIIIJIKYBaHHS, aHaJI13 TEOPETUYHOTO Ta MpakTUuHOro Marepiany. [1in0ip cydacHoro

arapaTtHoro Ta nmporpaMHoro 3a0e3neueHHs.

IIpakTHYHA 3HAYUMICTH MPOEKTY — PE3YJIbTATU JUIIJIOMHOTO POECKTYBAaHHS
PEKOMEHYIOTHCSI BUKOPUCTOBYBATH JIJISl TIOKPAILIEHHS] CTAaHY MEpEeKi Ta BU3ZHAYCHHS
HaWKpamioro npoBaiepy Mepexi B JIaHH1i JToKalli Ha JaHHUI yac. CTBOpPEHHS HOBO1

CUCTEMU MPOBAUTUHTY JUIsl MOJIOAUX (ipM.

PexoMeHaamii mog0 BHKOPHUCTAHHSI - TpHU MOOYIOBI MEpEeXi MPOBAWIUHTY
IHTEpPHETY CJI1J] 3BEPTATH YBary KUIbKICTh KOPUCTYBAYiB IKMX MOTPEOYE 1 MOXKE JT03BOJTUTH
KOMIIaHisi Ha JaHHuKA MoMmeHT. [Ipu BUOOpI mpoBaiinepa iHTEpHETY 3BEpTaiiTe yBary Ha

po3TainryBaHHs Bamoro OyauHky. Yepe3 KUIbKICTh

10




PO3JILI 1
TEXHOJIOTTI MEPEKI IPOBAVJIUHTY IHTEPHETY

1.1. InTepHer

VY CcBOill CTPYKTYp1 IHTEPHET II€ CUCTEMa MEPEXK, 3'€IHAHA Y KOHTPOJIbHUX TOUKAK TaK
3BaHUX KOHLIEHTPATOPIB 3 KopucTyBadamu. LIs cuctema sik e1MHUI Oprani3M sSikuii epeaae
CUTHAJIM PI3HMM YacTHHAaM TIa, Ha Pi3HUX piBHAX. [lepegada MixK TEXHIKOIO 3/11CHIOETHCS
Ha Jy’K€ BUCKOKHUX IMIBUAKOCTAX, 1€ MOTPIOHO 1Ji cabuTHOT poOOTH yCiei Mepexi.

[lepeitnemo 10 camMoi TEXHOJIOT11 3 TEXHIYHOT TOUKH 30py. OCHOBHA poOOTa IHTEPHETY
BUKOHYEThCS HA TEXHOJIOTiI KomyTarii makeriB. CTpykTypa TmakeTa BHU3HAYAETHCS
nporokojiom [P, koxxen maker Mmictuth IP aapeccy 3BiaKM BiANpaBWIOCH 1 aapecy
onepxyBada. lle TexHOJOris Ha3MBAETHCSA KIIIEH MT CepBep. 3 TOYKH 30py KOPUCTyBaua,
nepeava JaHHUX Tiepe/ava JaHHUX BUKOHYEThCS 3 IOT0 I0AAaTKy Ha JJ0JIaTOK O/Iep)KyBaya,
HaINpuKiIag Mk BeO-Opay3epom 1 BeO-caliTomM. TUM caMuM MU YSBISIEMO BIpTyajbHE
3'€MHAHHS MDK JBOMa JOJaTKaMM, caM€ TaKUM YMHOM Iepefada JaHUX Mpaiioe s
3BHYAHUX KOPUCTYBAYiB.

3’eqnanns no IP agpeccy Mae nomaTKoBi MmapamMeTpu, a came MOpPTH OfAepKyBada 1
BiZMPABHMKA. IX pO3MIANAIOTH K iAeHTH(hIKaTOpu (TOKaIbHI) KOHKPETHHX IIPOrpam
koMm'rotepi. Hapemti, mepemauva iHdopmariii mpamre 3a TEBHHMH IpaBWIaMH ado
“mpoTokosiaMu’’. D 1Ba OCHOBHMX IPOTOKOIa niepeaadi indopmaitii: TCP ta UDP.

TpaHCIIOPTHHUM MPOTOKOJI € OCHOBHHUM IIAPAMETPOM SIKMM OJHO3HAYHO BHU3HAYAE
MOTIK TAHHKUX B IHTEpHETI. THUM caMuM BiAMPaBHUK Ta OTPUMYBaU aipecyroThcs mapoto (IP-
aapeca, mopt). Came depes 1110 0COOIMBICTh BUKOPUCTOBYIOTH, B TEXHOJIOTIIO IMi/I HA3BOIO
NAT (Network Address Translation), abo 6inemn Touno - NAPT (Network Address & Port

Translation).

Kageopa KCM HAY 21 11 33 000 113
Buxonas I'paboscvruil K.B. Jlim. Aprxyw | Apxywis
Kepisnuk Anopeee O.B. . \% I 10 68
Texnonoeii mepeorct
Koncynom. o .
Hopmoxonm. Kypasenv C.B. np oeauduney tHmepHemy 123 KC-431F

3ae.xagp. JKyxos I.A.




1.1.1. Tpancnsauia mepexeBux aapec (NAT). Buau, cxemu po6otu.

Tpancnsiiro mepexesux aapec (NAT) BUKOPHCTOBYIOTE OaraTo cepBic poBaiiepiB
Ta 0araTo KOpPUCTYBadyiB JJis BUpIlIEHHs npoOiemu B Hectadi [P ajgpecc 1 3abecrieueHHs
0e3MeKH MiIKII0UYEeHHs 10 [HTepHeTy JIOKabHUX MEPEK.

Hanpuknaa. IlinnmpueMcTBO MOXKe€ MaTuh KIHLUEBUH (BUAUICHHMI) Jlana3oH
peanbaux [P anpec, ane KoHUM 3 KOMIT I0TEPIB MAIOTh JIOKAIbHI aJJpECH B SIKUM MU XOYEMO
0aunTu 3B’S30K 3 iHTepHETOM. Ll mpoOnema BHUpINIYEThCS BUKOPUCTAHHSAM TEXHOJIOTTT
TPAHCIIALIT aJipec, sKa JI03BOJISIE€ KOMIT' IOTEpPaM JIOKAJIbHOT MEpeXki B3a€UOAISTH 3 MEPEKOIO
iHTEepHeT. BukopucToBytourn BChOro OJMH 30BHIIHIN |P anpec mMu 3moxkeMo cTBOpUTH
BEJIMKY JoKanbHy Mepexxy. NAT Bupimrye 1o npobiaemMy miMiHOIO JIOKalbHOI [P-anpecu Ha
30BHIIIHBOTO aJ[peca 3arajibHOTO JOCTYIY.

3amidtoroun BHYTpimHiN |P-aapeca 1 mopTt Ha 3oBHimHIN IP-agpeca 1 mopt, NAT
30epirae TaOMMIO BIAMOBIMHOCTI, IMOTIM TMPH OTPUMaHHI BIJAMOBIIHOTO TaKeTa
BUPOOJISIETHCS 3BOPOTHE MEPETBOPEHHS.

Jlo nokanpHUX |P-ampecammu Hamexath Taki miamazoHu azapec:]0.XXX.XXX.XXX,

192.168.xxx.xxx, 172.16.xxx.XxxX - 172.32.XXX.XXX.

Fommzorep 1
IP: 10001

nopt: S060

Kommtotep 2
IP: 10002

nopt. 5060

Puc. 1.1. - Tpancsiis mepexeBux aapec NAT

Opniero |P-ampecoro, MM MaeEMO MOXIJIHBICTH TEOPETUYHO anpecyBatu 65535
«3'€JTHAHBY - YHUCIIO, 110 3BUYAWHUI KOPUCTYBay HIKOJIW HE BUKOpHUCTAE. B boMy BUMaagKy
koM totep NAT 1715t 30BHITHBOT MEPEKi OyIe BUTTSAATH SIK IPUCTPIH 3 BETUKAM YUCIOM
OJIHOYACHO mpaitorounx aonaarkiB. Ha cBoro Texnonorio npuctpii NAT mpaitoe takum

YUHOM 110 MpHU Mepejayl MmakeTiB MIACTaBIse€ 3aMiCTh MOPTY 1 BiacHoro IP-aapecu (sik
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aZpecu ojiep>KyBaua 3 TOUKH 30py 30BHINIHIX JTOAATKiB) MOPT 1 JokanbHui |P-anpecy
peanpbHOTO OJIepKyBayda. 3a3BUyai Juis ajpecalii KIHIEeBUX MPUCTPOIB JTIOKATbHOI MEPEXi,
po3tamoBaHoi 3a npuctpoeM NAT, BUKOPUCTOBYEThCS CHElalbHE 3apE3ePBOBAHE aJPECHE

npoctip. Cxema po6otu NAT nokazaHna Ha puc.

Puc. 1.2. — ApxitekTypa

B pamkax miei apxitektypu IP Bigmosinae 3a aapecariiro 1 ¢pparMeHTalliio MakeTiB
IpU 1epeadi BiJi OJTHOTO By3Jia MEpexi 10 1HIIOT0. AJApecH T03BOJISIOTh BY3JIy MPUIHATH
pIIIIEHHS, SKMM HACTYITHOTO BY3Jia HAllpaBUTH JaHi, a 3a JOMOMOIor (pparMeHTarlii gaHi
MOKHA TIepelaBaTH MK MepeXamMH 3 PI3HUMHU JONYCTUMUMHU po3Mipamu makety. Llum,
BiacHe, ¢yHKIii npotokomy IP 1 oOmexyroTbes. Y cBoiii pobori IP cnupaeTscs Ha
IIPOTOKOJIM HUKHBOTO PiBHS, SKI BUKOPUCTOBYIOTHCS B JIOKAJIbHIM MEpEeXKi, 1 TPaHCIIOPTHI
npotokonu, Hampukman, TCP. Cam ke IHTEpHET-TIPOTOKOJ HEe 3a0esneuye HamiiHy
nepenauy. Y cnemudikamii RFC 760 3a3nayeno, mo B mnpotokom IP  «BigcyTHi
MIATBEPKEHHSA, SK HACKPI3HI, TaK 1 MDKBY3/IOBI. BincyTHI KOHTpOJIh TOMMIIOK, 32
BUHATKOM KOHTPOJIbHOI CYMH 3arojioBKa. BincyTHsS (QyYHKIlSS TOBTOPHOI mepeaadi.
BincyTHs ynpaBiiHHS TOTOKOM JaHUX.

1.1.2. TIpotoxox TCP.

TCP (Transmission Control Protocol, [Tpotokoi yrpaBiiHHS niepeaadeto).

[Tporokon TCP Hagae TpaHCTIOPTHI MOCIYTH, IO BiAPi3HAIOTHCS Bin mocayr UDP.
3aMiCcTh HEHAJIMHOI JOCTAaBKM JaTarpaM O3 BCTAHOBJICHHS 3'€IHaHb, BIH 3a0e3mnedye

rapaHTOBaHy JI0CTABKY 3 BCTAHOBJIEHHSIM 3'€/lHaHb Y BUTJIsA]I1 0aWTOBUX MOTOKIB.
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[Ipotokon TCP BHUKOPHUCTOBYETHCS B THUX BHUIIAJKaX, KOJM MOTpiIOHA HajilHA
JOCTaBKa TMOBIAOMIJIEHb. BIH 3BUIbHS€ MNPUKIAAHI M[POLECH BT HEOOXITHOCTI
BUKOPUCTOBYBaTH TailiM-ayTH 1 MOBTOpHI mnepefadl s 3a0e3neyeHHs HaAlMHOCTI.
Haii0inpn THOBMMHU TIPUKIIATHUMHE TIpoliecaMu, mo BukopuctoByioTh TCP, € FTP (File
Transfer Protocol - npotokon nepenadi ¢aiis) i TELNET. BayTpimiHs cTpyKTYypa MOIYIIsI
TCP nabarato ckiajgime cTpykrypu moayis UDP.

[Ipuknanni npouecu B3aemonitoTh 3 MoayiaeM TCP uepe3 moptu. s okpemux
J0JIaTKIB BUIUISIOTHCS 3arajbHOBiIOMI HoMmepu mnoptiB. Hampuxnan, cepsep TELNET
BukopuctoBye nopt Homep 23. Kimient TELNET moske orpumyBaTi mocinyru Bin cepsepa,
SIKIIIO BCTAaHOBUTH 3'¢qHaHHS 3 TCP-nmopTom 23 Ha Horo MaruHi.

Komu npuknagauii nporec nounHae ukopuctoByBatu 1CP, To moxyns TCP Ha
MaIuHi KiiedTa 1 MoAyias 1CP Ha MamuHI cepBepa MOYMHAIOTH criuikyBatucs. L1 gBa
KiHeBux Moxayis TCP miaTpumyroTe i1HpOpMalilo MNpo CTaH 3'€IHaHHS, 3BAaHOTO
BipTyaslbHMM KaHalioM. Lleli BipTyasJbHMII KaHal CIOXHBAE Pecypcw 000X KIiHIIEBUX
monyniB TCP. Kanan € aymnnekcHHM; JaHI MOXKYTh OJHOYAaCHO TepelaBaTucs B 000X
HanpsiMkax. OIUH TpUKIaAHUA Tpouec numie naHi B TCP-mopT, BOHU MPOXOIsTh IO
Mepexi, 1 THIITUH MPUKIIAIHAN mpoliec yuTae ix 31 ceoro TCP-mopTy.

ITpotokon TCP po3buBae moTik OalT Ha MaKeTH; BIH HE 30epirae KOpIAOHIB MK
3anucaMu. Hampukmana, Ko o uH IpuKIa Hui nporec poouts S5 3anucis B TCP-mopT, TO
NPUKJIAIHUAN MPOIEC HA 1HIIOMY KIHIIl BIPTyaJIbHOTO KaHalTy MOKe BUKOHATH 10 4uTaHb
JUISL TOTO, 1100 OTPUMATH BCI JIaHi. AJie 1IeH e MpoIec MOKe OTPUMATH BCi AaHI Biapasy,
3pOOMBIIM TUTBKH OJIHY OTEpallito YnTaHHg. He iCHye 3aeHOCT1 MiXK YHCIIOM 1 pO3MipOM
3aMMCYyBaHUX TOBIJOMJIEHb 3 OJHOTO OOKy 1 YHCIOM 1 pO3MIpOM 3YUTYBAJIBHHUX
MTOBIIOMJICHB 3 1HIIIOTO OOKY.

[Tporokon TCP Bumarae, mo6 Bci BiAnpaBieHi gani Oy MiATBEpHKEHI TPUHHSIA
ix cropoHot0. BiH BUKOPUCTOBYE TaiiMayT 1 MOBTOPHI Mepeaadi At 3a0e3nedeHHs HaJiiHo1
JOCTaBKU. BinmpaBHUKY J03BOJISIETHCS TEpeaBaTh ACSKY KUTbKICTh TaHUX, HEIOXKIAAsICh
MIATBEP/KEHHS MPUUOMY paHillle BIANPaBICHUX JaHUX. TakuM YUHOM, MIXK
BIIMPABICHUMU 1 MIATBEPAKCHUMHU JTAHUMU ICHYE BIKHO BXKE€ BIAIMPABICHUX, ajie IIE HE

MIATBEpKEHUX AaHuX. KiumbKicTh OalT, sSKi MO’XKHa TepenaBaTh Oe3 MIATBEPIKEHHS,

13




HA3MBAETHCS PO3MIPOM BiKHA. SIK MpaBUIIO, PO3MIp BIKHA BCTAHOBIIIOETHCS B CTAPTOBHUX
daiinax MepexxHoro nporpamHoro 3abesnedeHHs. Tak sk TCP-kanan € mymiekcHUM, TO
MiATBEPKECHHS IS JaHUX, IO WAYTh B OJJHOMY HAaIpPsIMKY, MOXYTb MEPEAaBATUCS PA30M
3 JaHUMH, 110 HAYTh B MPOTWIECKHOMY HampsMKky. [lpuitmaui Ha 000X cTOpoHax
BIpTYaJIbHOT'O KaHATY BUKOHYIOTH YIPAaBIIiHHSA MOTOKOM TepeJaHuX JaHuX AJsl TOTO, 00
HE JIOMyCKaTH MepernoBHEHHS OydepiB.

[Iporokon TCP OyB cripoekToBaHUM SIK CHOJyYHA MPOTOKOJY ISl 3a0e3MeyUeHHs
IHTEpaKTUBHOI poOOTH MK KoMm'totepamu. TCP 3abe3nedye HaJIHHICTh 1 JOCTOBIPHICTD
OoOMIHY JaHUMH M1X MpoLEecaMy Ha KOMIT'IOTepax, 1110 BXOJATh B 3arajibHy mepexy TCP, 3
OJTHOTO OOKY, B3a€EMOJIIE 3 MPHUKIATHUM IMPOTOKOJIOM KOPUCTYBAIBLHUIILKOTO J10/1aTKa, a 3
IHIIIOTO, 3 TIPOTOKOJIOM, IO 3a0e3nedye "HU3BKOPIBHEBI" (YyHKINII: MapuipyTusamito i
ajipecarlito rmaxkeris, siki BUKonye IP .

1.1.3. OcHogHi BigmiHHOCTI |PV6 Big mpoTokoy monepeHboro nokomiHHs - |IPv4.

Posmip aapecHoro mpoctopy IPV6 cranoBute 128 OGaiir. I1[o6 kpamie ysBuTH,
HacKUTbKU y [PV6 O11bIle apecHOro MPOCTOPY, BI3bMEMO TaKy aHAJIOTIIO: IKOU BC1 apecH
IPv4 Bmictuiucst B iPod'e, To mist IPv6 motpiben OyB Ou Bcro 3eMHY Kymro (OCHOBHI
BimMiHHOCTI [PVv6 Big nmpoTokoy monepeaHboro nokosrinus - IPv4 19 IPV6 - e komocanpHa
KUIBKICTh JIOCTYIHUX aJpec, 1€ MOXIIMBICTH ajpecanii Oyab-iKOTO MOXKJIMBOTO 1
HEMUCIUMOTO TpUCTPoto. EdexTnBHE BUKOPUCTaHHS MOMKIMBOCTEH HOBOTO MPOTOKOIY
3laTHE TIOPOJUTH HOBHM BUTOK iH(doOpMamiitHoi peBomonii. JOCUTh TOIMBUTHCA Ha
MOTOYHUHN PIBEHb PO3MONUTY aapecHOro mpoctopy PIPami (perioHalbHUMH 1HTEPHET-

peecTparypa): SCHO BUIHO, 10 iX |PV6-myn manmekwii Bix CIyCTOIIEHHS

1.2. ®izuunuii pisers moaeai OSI

®i3uyHuil piBeHBb OMUCYE Te, K OyIyTh MepenaBaTUCA JaHi MK MPUCTPOSIMH B
TOMY 4YH IHIIOMY cepefoBuini. Hacammepes yce ysABIGHHS MPO MPAIIOITy MEPEKY
MOYMHAETHCA 3 Q13UUHOTO piBHA. OIMHUIICIO BUMIPIOBAHHA Ha Pi3M4HOMY piBHI € O1T. ToMy
G13UYHUI piBEHb OMUCYE CMOCOOM mepefayl OITIB MDK MPUCTPOSIMU PI3HUMU JIHISIMU

3B's13Ky. Llell piBeHb Mae mapaMeTpu CUTHAJIB, SIKI MEPEJAIOThCS B TOMY YU 1HIIOMY
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CepeloBUIIl, HAMpPHUKIaA: YacTOTy, PIBEHb HYJS 1 OJAMHMII, aMIUNTYLy CHUTHANy, THI
MOJYJIALIT CUTHATY 1 1HIII HapaMeTpH.

®i3uynuii piBeb Mozen OS| - ne pyHgameHT, Ha SIKOMY TpUMAa€eTbCA Nepenaya
JaHUX, TaK K HA [IbOMY PiBHI B1I0YBa€ThCS MaHITYJIALIS IPUPOJHUMU XapaKTEPUCTUKAMH,
TaKUMH SIK: HaIpyra, Cujia CTpyMy, 4ac Ta IHIIE.

B ocHOBI 6ararbox MpOTOKOJIIB Mepeaadl JaHUX JEKHUTb apXITEKTypa B3aeMOAll
KIieHT-cepBep. Tak, Hanpuknaa, npotokoda HTTP siBHO peanizye gaHy Moaenb. Mu MoxxemMo
CTBEPIKYBaTH, 1110 Ha (I3MYHOMY PIBHI BKe BIIOYBa€ThCs MOAUT HA KIIEHT 1 cepsep. Lle
BUJHO 3 TOTrO, IO MepelaBaibHUN MPUCTPIA 1 NMpUHAMAIOUUN MPUCTPIM MOBOAATHCSA MO-
pi3HOMY (BiIOYBa€ThCS MOJLT 3aBAaHb), @ B JACSKUX BHUIAJKaX BUKOPHUCTOBYIOTHCA Pi3HI
KOHHEKTOPH JIJIsl KIHIIEBUX MPUCTPOIB 1 MPUCTPOIB K1 MIATPUMYIOTH IPOrpamy.

[Iporokomnu 1 crannapt ¢pizuuHoro piBHs mozeni OSI

Bapro 3ayBaxuTu, 1110 Ha Qi3MYHOMY PIBHI AyXke 0arato CTaHAAapTIB 1 IPOTOKOJIIB.
Hampuknan, € kiibka CTaHIapTIB, 5Kl OMUCYIOTh CIIOCOOU «OOTUCKAaYa» KPyUEHUH mapHu.

OcHoBHi npoTokou (hizuyHoro piBHS Moaem OSI st iIHTEpHET TEXHOJIOT 1

. IRDA. IRDA - rpyma crangaptiB, III0 OMKHCYIOTh Iepeaayy JaHUX B

iH(pauepBOHOMY Jiana30Hi CBITIIOBUX XBUJIb;

. RS-232 a6o mociiIoBHHM TOPT MEPCOHATBLHOTO KOMII'FOTEPa;

. 11. 802.11, ax i1 momepenHi, € HAOOPOM MPOTOKOJIB 1 CTAHAAPTIB SKi

ONMKCYIOTH Nepeaavy AaHUX M0 palioKaHamy;,

. GSM - e me oMH CTaHAAPT, IO OMHUCYE Nepeaady AaHUX 3a KOIITaMu
pamioedipy;
. DSL - me mije ciMeHCTBO TEXHOJIOTIH, SKI ONMHCYIOTh Mepenady JIaHuX,

CEpEeIOBHUIIEM TOIMIUPEHHS CUTHAITY B Pi3HUX cTaHmapTax DSL € minHa minis.

1.2.1 Kananpusiit piseas OSI.

OcCHOBHUM 3aBIaHHSAM KAaHAJIBHOTO PIBHA € Tepeaadya TMOBIIOMJICHb MO KaHajdax
3B'13Ky. Taki MOBIAOMIIEHHS Ha3MBalOThcad Kaapamu. Came Ha KaHaJIbHOMY pIBHI
OmpeAesieThCsl B MOTOI OIT MOYaTOK MOBITOMIICHHS 1 JIe KIHEIlb MTOB1IOMIICHHA. TakoX Ha
KaHAJIbHOMY PI1BHI BUKOHYETHCSI BUSIBICHHSI 1 KOPEKIIisi TOMUJIOK.

JI1s1 AesikuX TUITB KaHAJIIB KaHAJIbHUI PIBEHb BUPIIIYE 3aB/IaHHS TakKi SIK:
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— azpecairisi (BU3HAUYCHHS 10 AKOTO MPUCTPOIO MIPU3HAUCHA TIEepe1aya).
- Y3TOJUKEHUH JOCTYII 10 KaHauty (SIKI1Io BC1 IPUCTPOI MOYHYTh IepeaBaTu
JaH1 OJJHOYACHO, J1aH1 CIIOTBOPSTHCS 1 HE 3MOXKYTh OyTH NPUHHATUMU).

Ha BigMiHy BiJ (13MYHOrO pIBHSI KaHAJIbHUN BUKOPUCTOBYE MOBITOMIICHHS, TOMY
MEePIINM 3aBJaHHSAM KaHAJIBHOTO PiBHA Oyie 3 HOTOKY OIT BUAUIATH MOBIIOMIICHHS.

[Tpn HaACWIaHHI TAKETy JaHUX 3 MEPEKEBOTO PIiBHS 10 KAHAJIBHOTO, IO MAKETy
NIPHETHYETHCS 3aTr0JIOBOK Ta KOHIICBUK.

Cawme 1ie nmoBimomieHus 3AI'OJIOBOK-ITAKET-KOHIIEBUK siBnsieTbest kKaapoM.

Ile nmoBinoMyeHHs nepeaaeThes yepe3 Gi3MYHUM piBEHb MO Cpelli mpenayl TaHuX 1
BiZIIIPABIISIETHCS IO TIPHIMAaYa.

Ha mpuitmaui 34uTy€eThCs 3ar0JIOBOK Ta KOHIIEBHUK Ta BUIYUYAETHCS CaM IMAKET KM
HAJXOJHTh JI0 MEPEIKEBOTO PIBHS.

Sk mparIforTh Kaapu

OnuH 13 crnoco0iB mepeadl JaHHUX € TaKMM II0 Ha TMOYaTKy KOXKHOTO Kajpa
BiJI0Opa)KAETHCS HOTO JOBXMHA TAKUM YMHOM SIKIIO Y TTOBIIOMJICHH] BUHUKJIA X04a 0 0J1HA
MOMMJIKA, TIOC1I0BHICTh 3HUIIYETHCS TOMY BiH HE BUKOPUCTOBYETHCHS.

[ammit meton € Beraska 0aiiToB Ta OITIB

IToyaTok 1 KiHEIlb KOYKHOTO KaJIPy BiI3HAYAIOTHCS CIICIIAIBHUMH TIOCIIOBHOCTSIMHU
OaiiTiB 260 OIT

ITpoTokon BSC - TekcTOBI CHUMBOJIH:

. DLE STX - mouaTok Kaapy;

. DLE ETX - xinens xaupy;

. Escape nocainoBHicTh B manux — DLE.

[Iporoxonu HDLC i PPP - Gitu:

. 01111110 moyatok i KiHEIb KaJIpy;

. V manux micid 'ty nociaigoBHuX 1 momasascs 0.

1.2.2 3aco0u pi3uuHOrO piBHS

Mepexi 1 cuctemu TesnekoMyHikalid. KanansHuii piBeHb 8

[TpeamOyna (xmacuunuii Ethernet)

. JloBxxuHa 8 OaurT,
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. [epuri 7 6aitr: 10101010;

. Ocrannii 6aiit: 10101011 (oOmexxyBau moyatky Kaapy)
. [lepenaya HEBUKOPUCTOBYBAaHUX CHMBOJIB HaJuiIkoBoro koxay (Fast
Ethernet)

. [TouaTok kaapy - mapa cumsoiin J (11000) 1 K (10001)
. Kinenp kaapy - cumBoin T (01101).

1.3 KomyTranis

KoMyTaTopu JIOKalibHOT MEPEsKi MOKIaTar0THCS Ha KOMYTallifo makeTiB. KomyraTtop
BCTAHOBIIIOE 3B'S30K MDK JBOMa CErMEHTaMH, JIOCTaTHHO JOBIUH, 00 BIAIPABUTH
NOTOYHMI makeT. BxinHi makeru (dactuHa kaapy Ethernet) 3GepiraroTbest y TUMUYACOBIi
obnacti nmam'sti (6ydep); MAC-aapeca, 1m0 MICTUTBCSI B 3ar0JIOBKY KaJIpy, 3UYUTYEThCS, a
MOTIM TIOPIBHIOETHCS 31 CIUCKOM aJipec, 10 30epiraroThCs B TAOJIMII MOITYKY TTepeMUKayva.
VY nokanbHi# Mepexi, 1o 6a3yerbes Ha Ethernet, kaap Ethernet micTuth 3Buualinuii maker
SIK KOPMCHE HaBaHTAXKCHHS KaJIpy, 31 CIEIIaIbHUM 3aroJIOBKOM, IO BKIIFOYA€E 1H(OpPMAIIito
npo MAC-anpecy U1 Jkepena Ta Miclisl PU3HAYEHHS MaKeTa.

[TakeTHI KOMYTaTOpu BHUKOPHUCTOBYIOTh OJIMH 13 TPHhOX METOJIIB MapIIpyTH3aIlii
Tpadiky:

— Cut-through

— Store-and-forward

- Fragment-free

Cut-through komyrtatopu 3untytorb MAC-aapecy, Ik TUTbKH KOMYTaTOp BHSBIISIE
nakerT. [Ticis 36epexenHs 6 6aliTiB, IO CKIaAal0Th 1H()OPMAIIiIO PO aJipecy, BOHU HETaiHO
MOYMHAIOTh HAJCWIATA IMAKET HA BY30J MPU3HAYEHHS, HAaBITh KOJHM pEIITa IaKeTiB
HAJXOAUTHh Y KOMYTaTOp.

Komyrarop, mo BukopuctoBye (yHkiiro Fragment-free, 30epexe Bech maker y
O0ydepi Ta mepeBipuTh oro Ha nomriku CRC uu iHII MpoOiemMu mepe BiaAnpaBKoro. SAKino
MakeT Ma€ MOMIIKY, BiH BiIKuaeThes. B iHmomMy Bumanky komyratop mykae MAC-anpecy

1 BiANpaBIisie MaKeT Ha BY30J MpHU3HAuYeHHs. barato KomyTaTtopiB MOEAHYIOTh Il JBa

17




METOJM, BUKOPHUCTOBYIOUM PO3pPI3 1O JOCSATHEHHS IEBHOTO PIBHSA MOMUJIKHA, a MOTIM
NepexosiTh Ha 30epiraHHsS Ta mepecwiIaHHA. Jy)ke Malo KOMyTaTropiB € CTpOro
MPOPI3aHUMHU, OCKUIBKH 11€ HE 3a0e3Ieuy€e BUMPABICHHS TOMUIIOK.

Men nomupennit Mmeton — Fragment free. Bin mparroe sk po3pi3, 3a BUHATKOM
TOro, MO BiH 30epirae nepuii 64 GaiiTu makera nepej WOro BiamnpasieHHsAM. [IpuunHorO
LOTO € T€, 110 OUIBIIICTh MOMMJIOK 1 BC1 3ITKHEHHS TPAIUISIOTHCS M1 Yac MOYaTKOBUX 64
OailT makera.

1.3.1 MapmpyTuzanis

MapuipyTu3aitis — Aisl M 9ac SAKOi MapmipyTH3aTop Ja€ KOMaHIAW BH3HAYCHHSI
HanpsIMKy(MappyTy) iHdopmalii B Mepexi 1 MK Mepexamu. MapuipyTuzatop npuitmae
pimienHs, mo Oa3yetbcsi Ha |IP-agpec orpumyBaua makety. [ns mepepadi makery IO
HaNPsIMKY,IIPUCTPOI OpiEHTYIOThCS Ha |P- anpecy npuiiMarouoi cTopoHu. MapuipyTuszaTtop
Ma€ 3HATH HANPSIMKHA 1 MapIIpyTH JO0 BiIJIAJICHUX MEPEXK I NPUHHSATTS MPaBUILHOTO
pIIICHHS.

[cHye ABa OCHOBHI THUIIA MapHIPyTU3ALIi:

Y TCP / IP nependadeHo aBa THIM MapIIpyTH3allil: CTATHYHA Ta JMHAMIYHA.

Crarnuna MapuipyTu3ailis o3Hauae, 1o TaOJuIll MapmpyTu3aiii 00CIyroByIOTh
BPYYHY 3a JOTOMOIOI0 KOMaHI Mapumipyty. Lleil Tum mapuipytusailii peKOMEHIYEThCS
3aCTOCOBYBATH TOJli, KOJIM BH Oy[eTe B3aEMOJISATH 3 OAHIEI0 a00 JBOMA IHITUMHU CETSIMHU.
OpHak, K0 BCTAHOBHUTH 3'€THAHHS 3 OUIBIIMM YHUCJIOM HOMEpIB, SKIIO YHCIIO IIIHO31B
pPI3KO BUKOPUCTOBYETHCS, 1 I OOCIYroByBaHHS TaONUIlh MapuipyTusaiii Bpy4dHY
MOTPiIOHO 3HAYYIITUHN Yac.

[Ipn guuamiyHid MapmipyTu3amii TaOIUIP MapUIPyTU3aIlii aBTOMATUYHO
OHOBIIIOIOTBCS JIEMOHAMH. JleMOHM MapmipyTHu3allii MOCTIHHO OTPUMYIOThH iH(oOpMaIlito,
PO3CHIIAIOTH 32 JOTIOMOTOI0 OTIOBEIICHHS 1HIIMX JEMOHAMIYHUX MapHIpyTiB, TOMy BOHU
MOCTIHO OHOBIIIOIOTH TAOJIHIII MapIIPyTU3AIlii.

Y TCP / IP mnepenbadueHo paBa JEMOHH, IO MiATPUMYIOTh JTUHAMIYHY
MapuIpyTH3alliio: MaplipyTu3oBaHi Ta 3akpuTi. [lemoH gated miaTpuMye OJHOYACHO
npotokon iHdopmamnii mpo wmapmpytusanito (RIP), mnporokon iHdopmarii 1mpo

MapmpyTu3aiiro HacTymHoro mokoinHs (RIPNg), mporokoin 3oBHimHIX nutro3iB (EGP),
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npotokoa rpannyHux 1nmo3ie (BGP) ta BGP4 +, mnpotokon (HELLO), mportokon
kpatuaioro muisixy (OSPF), mporoxomnu 1S-1S i ICMP i ICMPV6 / Router Discovery. Kpim
Toro, nemMoH gated miaTpumye IIporokon nmpotokony ympasiaiHHs ceTbio (SNMP). Jlemon
MapuIpyTU3Y€E MIATPUMYE JIUIIE MPOTOKOJI 1HPOpMALi PO MAPUIPYTU3ALIIIO.

V 3a1eXHOCTI BiJ O, BKA3aHUX MPHU 3aIIYCKY AEMOHA MapIIpyTH3allii, BIH MOXe
MPAaIOBaTH B OJTHOMY 3 IBOX PEKUMIB - TACUBHOMY 200 aKTUBHOMY. Y aKTUBHOMY PEXUMi
JEMOHCTpaIlidl MapuIpyTh3allii MepioguyHO HAJCWIAE€ IUTI03 1 XOCTaM OIOBEHIAIOIINE
MOBIIOMJIEHHS, 1[0 MICTATh 1H(POPMALIIIO PO MAPIIPYTHU3ALIIO JJIA IX JIOKAJIBHUX CETEH, a
TaKOXX OTPUMYE I1HPOpPMALII0 MPO MapHIPyTH3aLi0 BiJ IHIIMX XOCTIB 1 IUIIO3IB. Y
NAaCUBHOMY PEXUMI JIEMOHCTpAIllsl MapHIpyTH3alii Juiie oTpuMmye iH(opMalio Ipo
MapIHIpyTH3aIlil0 Ta HE HaMarae€TbCsi OHOBUTH 1H(POPMAIlII0 TMPO MapIIPyTU3AIIIO
BIJIJJAJICHUX MUTIO31B (SIKIO BOHA HE PO3IMOBCIOKYETHCS BIACHOIO 1H(GOPMAIIIEID TIPO
MapIIpyTH3AIIIIO).

JIBa omucaHi TUIM MaplIpyTHU3allii 3aCTOCOBYIOThCS HE JIMILE JIJIS IUII031B, aje i
1Tt XOCTiB Mepexi. CTaTUCTUYHA MapIIpyTH3allis 3aCTOCOBYETHCS JIJIS IIUTIO31B TOYHO TaK
Ke, AK 1 I IHIUX XocTiB. OJTHAK IEMOHM JUHAMIYHOT MapIIpyTHU3allii, sSiki BAKOHYIOTHCS
HE Ha IIJTI03aX, MOXKYTh MPAIIOBATH JIUIIE B TACUBHOMY (TUXOMY) PEKUMI.

Jekinpka mpotokouriB mapmpyrtuzanii : RIP, OSPF, IGRP, EIGRP, IS-IS, BGP,
HSRP mpaitoroTe TUTBKM 3 TaKeTaMM, SKi HaJIeXKaTh 10 OJHOTO 3MapHIPyTH30BaHUX

pPOTOKOJIB, Hanpukian, [P, IPX uu AppleTalk

1.4 Haitnonmmpenima texunoJioris npopaiaunry Intepuery ETHERNET

Ethernet — me cmcrema mepemadi makeTiB OUGPOBUX JAHUX MK JIOKAIHHO
pPO3MONUICHUMH OOYUCITIOBAIbHUMHU CTAHIIIMA 3B'SI3Ky, BOHA € pO3TAIY)KCHOIO Ta
IITUPOKOMOBHOIO.

B momeni OSI Ethernet 3naxoauThest Ha PiBHSX:

— KaHaJdpbHHUK (MiApiBEeHb yHpaBiiHHA JoriyHUM Kananmom)(Logical Link

Control, LLC);
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- ¢izuynunii (migpiBeHb KOHTpoOJO jgocTymy o Mmepexi)(Media Access
Control, MAC).

KepyBaHHS TOTTYHUM MMOCHIAHHAM

Logical Link Control (LLC) ITinpiBeHb aJist 3a0e3ne4nHHS JIOTIKK KaHATy Tepenadi
JaHUX; TaKUM YUHOM, BUKOHYETbCS KOHTPOJIb (YHKIII CHUHXpOHI3alli , YIpaBIiHHSA
MIOTOKOM Ta MEPEBIPKOIO MOMUIIOK PIBHS KaHATY JTAHUX .

Bin Takox ciyrye oOpoOHMKOM TIiepeliay, OpIEHTOBAaHUX Ha MIAKIIOYEHHS (Ha
BinMiHy Bia miapiBHi0 MAC), xoua 1iei piBeHb TaK0X HaJa€ MoCayry 0e3 MiIKIIYeHHS .
Onepaiiii BUKOHaH1 6€3 MIJKII0YeHHs MatoTh Ha3By kiac | LLC | Toxi sik knac 11 mae 3mory
00po0IIsITH omepaillii 63 MiAKII0YeHHS a00 3 OpIEHTAIlIEI0 Ha 3'€THAHHS.

[Tpu cninkyBaHHI, 3 OPIEHTAIIEI0 HA TMIAKIIOYEHHS, MIATBEPIKYIOTh KOXKEH (Qpeiim
nHagicnanuid LLC. Ilinpisens LLC Ha mpuiimManbHOMY KiHIII HE BIACTAa€ BiJ OTPUMAHHUX
kaqapiB LLC (ogunuup nanux nportokony , PDU), npu BUsBIEHHI BTpaTH KaJpy Iia Yac
nepenadi, Mae 3MOry HaJdiclaTH 3allUT Ha Mepefarouuil KOMI'oTep, 1100 po3noyaTu
nepeaavy 3HOBY, nmounHaroun 3 PDU, sikuif Tak 1 He HaIIMIIOB.

[Tigmap LLC 6a3yetses nan migmapom MAC 1 BUKOPHUCTOBYETHCS SIK 3B'I30K MK
BEPXHIMU PIBHAMH Ta IPOTOKOIAMH, K1 parrooTh Ha miapiBai MAC, takumu sik Ethernet,

Token Ring Tormo (ctanmaptu IEEE (Institute of Electrical and Electronics Engineers, Inc.)

LAN Technology Specifications

Name IEEE Standard Data Rate Media Type Maximum Distance

Ethernet 802.3 10 Mbps 10Base-T 100 meters

Fast Ethernet/ 802.5u 100 Mbps 100Base-TX 100 meters

100Base-T 100Base-FX 2000 meters

Gigabit Ethernet/ 802.3z 1000 Mbps 1000Base-T 100 meters

GigE 1000Base-SX 275/550 meters
1000Base-LX 550/5000 meters

10 Gigabit Ethernet IEEE 802 3ae 10 Gbps 10GBase-SR 300 meters
10GBase-Lx4 300m MMF/ 10km SMF
10GBase-LR/ER 10km/40km
10GBase-SW/LW/EW 300m/10km/40km

Puc. 1.3 - Tuniu Ethernet
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Cawm nigpiBens LLC e crangaprom IEEE 802.2. Anpecaltis nocusiaaHb, MOCTiAOBHICTh Ta
BU3HAYEHHS TOUOK JOCTyNy 110 mocayr (SAP) Takoxk MatoTh Miciie Ha IbOMY PIBHI.

1.4.1 Isuakuii Ethernet.

Crannapr Fast Ethernet (IEEE 802.3u) crBopennii nns mepex Ethernet, mo marots
BUKOPUTOBYBATH BHIIlI IIBUIKOCTI nepenadi. OOMexenHs mBuakocti Ethernet mpu npomy
cTaHjapTi miaBmwKyeThes 3 10 Mo6iT / ¢ go 100 MOIT / ¢ numie 3 MiHIMAJIBHUX 3MiHAxX B
CTpYKTYp1 Ka0emto. Bin 3a0e3nedye mBUAILLY IPOMYCKHY 3JaTHICTB JIJIsl pECYPCIB IHTEPHETY
TaKUX $K: BiJe€0, MyJbTuMmenia, rpadiku, cepdinry B IHTepHeTi Ta e(EeKTHUBHILIOTO
BUSIBIICHHS T BUIIPABJICHHS TOMUJIOK.

Fast Ethernet nonginsgerscs Ha 3 TUIHN:

— 100BASE-TX nns Bukopuctanus 3 UTP-kabeneM 5-0ro piBHS,

— 100BASE-FX st BukopucTaHHs 3 BOJIOKOHHO-OIITUYHHUM KalemeM;

- 100BASE-T4, nns BUKOpPUCTaHHS JOJATKOBUX JBOX AporiB 3 UTP-

kabenem piBHS 3.

Cragmapt 100BASE-TX craB HaWmomyJsSIpHIIIMM 3aBASKH TICHIA CYMICHOCTI 31
crangaprom 10BASE-T Ethernet.

Menemkepr Mepex, ski MaoTh Iib BkitounTn Fast Ethernet B icHyrouy
KoH(irypartiro,mpuitMaroTs 0arato pimedb. KiTbKiCTh KOPHUCTYyBayiB Ha KOKHOMY BeO-
caiTi B Mepexi, IKUM MOTpiOHa OLIbIIa MPOMYCKHA 3aTHICTD; K1 MariCTpajibHI CETMEHTH
noTpiOHO nepepo3npoaiuTu crenianbio s 100BASE-T; Takox Te, 3 SKuM 00J1aTHAHHIM
kpaiie sike 38°s3atu cermeHTH 100BASE-T 3 icHyrounmu cermenramu 10BASE-T. Gigabit
Ethernet - nie TexHooris, fika BUKOHYE NMIIAX Mirparii 3a Mexi mBuakoro Ethernet, romy
MepeXi HACTYITHOTO TTOKOJIIHHS MATPUMYIOTH 1€ OUTBITY MBHUIKICTh TIepeiadl JaHuX.

1.4.2 T'irabituuii Ethernet.

[ra6itamii Ethernet 6yB po3po0iieHnii uepes moTpedu y OLIBIT MIBUAKUX MEpekax
3B'SI3KY 3 TaKMX MpoOrpam, sSIK MyJbTUMeia Ta nepeaada romocy uepes [P (VolP). Bimomuii
sk 1000Base-T, GIgE - me Bepcis Ethernet, sxa mpamroroua 3i mBuakictio y 10 pasiB
mBuame, HDK 100Base-T. Bin Bu3Hauvaerbes cranmaptom IEEE 802.3 1 wacto
BUKOPUCTOBYETHCS SIK MariCTpalib MiMPUEMCTBA aJie Ha JaHHUW Yac MpOBakiepH MarOTh

3MOTy MIJIKII0YATH TrabiTHUM IHTEPHET 1 10 3BUYalHUX KOpUCTyBadiB. JIOKaJIbHI Mepexi
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Ethernet 3 xapramu 10 i 100 M0it / ¢ momaroThest B Marictpaib rirabitHoi mepexi Ethernet
JUTSL 3'€IHAHHSI BACOKONPOAYKTUBHUX MaplIpyTU3aTOPiB, KOMYTaTOPIB 1 CEPBEPIB.

Skio My moyHeMoO 3 piBHA KaHany mnepeaadi ganux mozeni OSI, peanizamisa ta
soBHImHIA Bursan Gigabit Ethernet igentuuni Burnsmy Ethernet. HaiiBaxusinni
BigminHocTi Mixk Gigabit Ethernet ta Fast Ethernet e Taki mo Gigabit Bkitouae 101aTKOBY
MIATPUMKY MOBHOAYIIEKCHOT poOoTH Ha piBHI MAC Ta mIBUIKOCTI Nepeaayl JaHuX.

1.4.3 10-tu rirabiTauii Ethernet.

10-rira6itauit Ethernet - maitHoBimMi Ta HadmBuAmKK 13 crangaptiB Ethernet.
IEEE 802.3ac Busnauae Bepcito Ethernet i3 mBuukictio 10 I'6iT / ¢, mo € B 10 pasis
mBuame, Hix Gigabit Ethernet.

10 TiraGitauit Ethernet moBHICTIO 3acHOBaHHM Ha BHKOPHCTAHHI ONTHYHHX
BOJIOKOHHMX 3'€qHaHb (Ha BiAMIHYy Bin iHmmx cuctem Ethernet). Ile#t crammaprt, 1mo
PO3pOOIIAEThCS, BIIXOAUTD BiJl IU3alHY JOKATBbHOI MEPEXi, SKUW TPAHCIIOE HA BCI BY3JIH,
710 CUCTEMH, SIKa BKJTIOYAE JIEAK1 €IEMEHTH MapIIpyTH3alli mupokoi oonacti. OCKUIbKY BiH
11e Ty>Ke HOBUH, SIKHH 13 CTaHAApPTIB OTPUMAE KOMEPIIiiiHE BU3HAHHS, 111€ HE BU3HAYEHO.

Texuomoris Ethernet mominserscs Ha 1Bi Pi3HI TEXHOJIOTII:

Knacuunwmii Ethernet

- PO3IOIIICHE CePEIOBHUIIE

— Ethernet Gigabit

OcHoBHe 00agHaHHAM OepeThes Ha 6a3i HUB

1.4.4 Komyroganiit Ethernet.

KomyroBaniii Ethernet 3xoxwuii 31 3Buyaitnum Ethernet, 3a BiHsATKOM TOro, 4TO
KOMYTaTOPH 3aMiHIO€ KOHIIeHTpaTop (puc. 6.7). Y crniabHiM Mepexi Ethernet yci mpuctpoi
MalTh OJIHAKOBO 0araroTOYKOBY CXEMYy SIKy BHKOPHUCTOBYIOTH To uep3i. Komm kamp
HAJICUTAE€ThCS 3 OJHOTO KOMI'IoTepa Ha [HIMWMIA, BiH MOTpamisge 10 KOHIEHTpATopy, 1
KOHIIEHTPATOP MOBTOPHO TIEPeIae HOTro Ha BC1 KOMI'TOTEPH, MPi€HAH] JO KOHIICHTPATOPA,
MICIIsI CUTHAJT HAJCHIIAETHCSA TOBHICTIO TIIBKA TOMY KOMI'IOTEPY Ha KOTPUH BimOysocs

MOCHJIAHHS, BC1 1HII Kaapu 3HAITYIOThCs (puc 1.4).
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802.3 Shared Ethernet Switched Ethernet

i e HUB =

4 ’ ghi 3
. - s I ’ i
Computer A 1‘1 Computer C Computer A f‘q Computer C

Computer B Computer B

Switch

Puc. 1.4. - KomyroBanwuii Ethernet

1.4.5 Tomonoris.

[Tpu komyToBaHomy Ethernet koHmeHTpaTOp 3aMiHIOIOTH KOMYTaTOPOM (pHC. 6.6).
[lefi TMII KOMyTaTOpIB YacTO HA3WBAKOTh KOMYTaTOPOM po00YOi IpyNH, OCKUIBKH BiH
MPU3HAYCHUH 71 TMIATPUMKUA HEBEJIMKOTO HaOopy KoMmm'toTepiB (dacto Big 16 mo 24) B
OJIHIM JIOKaJIbHIM Mepexi. 30BHI MepeMUKad BUTIISA€ MalKe 1ICHTUYHO KOHIIEHTPATOPY,
ajie BCepeuHI BiH CHJIBHO BiApi3HA€ThCcs. KoMyTaTop - me iHTeNeKTyaaIbHUi MPUCTPIN 13
BOY/TOBAaHWM HEBEJIMKUM KOMIT IOT€POM, MPU3HAYECHUI JIJIsl YIPaBIiHHSI HAOOPOM OKpEeMHX
TOYKOBHX JIaHIIOTIB. Lle o3Hauae, 1Mo KoOKHAa cxema, MIAKIIoYeHa J0 KOMYyTaTtopa, He
BUKOPHUCTOBYETHCS CIUIBHO 3 IHITUMU MPUCTPOSIMH; HUM KOPUCTYIOTHCS JIUIIE KOMYTaTOp
Ta MIKIIOYECHUH KOMIT FoTep. Di3uvHa TOMOJIOTIS BUTIISIIAE TIO CYTI TaK caMmo, K (i3udHa
tortotorist Ethernet: 3ipka. 3cepenuHu JoTidHA TOIMONOTIS SBIIsIE COOOI0 HAOIp OKpEMHUX
TOYKOBHX JIAHITIOT1B, TAKOXK 31pPKY.

Konu komyTatop oTpuMye Kajp BiJ KOMI'IOTEepa , BiH MEPETIAiac aapecy Ha Kaapi
1 TOBTOPHO TIEepeaae Kaap JIHIIEC Ha CXeMI, MITKITFOYEeHIH 0 IbOro KOMITTOTepa, a He JI0 BCIX
cxeM, SIK 1ie 3po0uB Ou KOHIeHTpaTop. Hanpukman, Ha MamoHKy 6.7, SKIIO KOMITTOTEp A
HAJICWJIA€ KaJap KOMYTaTopy, MpU3HAUYeHOMY s Komm'torepa C, KOMyTaTop MOBTOPHO
nepeIae Woro JIMIIe Ha CXeMi, MIKII0YeHii 10 komm'torepa C.

To sk e KOMyTaTtop 3HAae€, sika CXE€Ma MUAKIOYEHA JI0 SKOTO KOMIT roTepa?

KomyTtaTop BUKOpHCTOBY€E TaOJUII0 Tiepeajpecariii, sfka IyKe CXO0ka Ha TaOaHIl
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MapuipyTu3aii, oOroBopeHi B HacTymHid Temi. Y Tabnmmi Bkazana Ethernet-agpeca
KOMI'IOTepa, MAKIIOYEHOTO 10 KOKHOTO MOPTY KOMYTaTopa.

Konu koMyTaTop oTpuMye Kazp, BiH MOPIBHIOE aJpecy MpU3HAYEHHS Ha Kajapi 3
aJgpecaMy y CBOiM TaOiuIll mepeaapecallii, o0 3HAUTH HOMEpP MOPTY, 3a SKUM HOMY
noTpiOHO mepenatu kajap. OCKUIBKM KOMyTaTOp BHKOpUCTOBYe aapecy Ethernet, mo0
BUPILINTH, SIKUI TOPT BUKOPUCTOBYBATH,1 ockiibku Ethernet e pisaem nepenaui nanux ado

MPOTOKOJIOM PIBHA 2, IIEH TUI KOMYTaTOpa Ha3UBAETHCS KOMYTAaTOPOM PiBHS 2

1.5 TexnoJiorii npoBaiigunra intepuery GPON

GPON (Gigabit Passive Optical Network) — rirabiTHa macMBHa ONTHYHA MEpeKa,
10 MOK€ PO3BUBATH IMIBUAKICTH nepenadl ganux g0 1000 Mo6it/c. Taka TexHOJIOTIS Mae
nepeBary mojieMHoi TexHosorii ADSL tum nepenae ganHi B copok pasziB mBumiie. s ii
pOoOOTH BUKOPHCTOBYETHCS ONTHYHUKA KaOENb SKHH MPOBOJAATH JI0 CAMOTO MPUMIIICHHS
a0OHEHTa, HABIIMIHHY B IHIIUX TEXHOJIOTIA 3a IJis SKMX MOHTaX MOTpedye yBecCh
OynuHOK. TakuM YMHOM MO>KHA BUKJIIOUUTH 1epe0oi B poOOTI 1 TapaHTYEThCS CTaOUIbHICTh
1 BUCOKA MIBUAKICTD HITKIFOUYEHHS.

OnuH poyTep MOKe BUKOPUCTOBYBATHUCH JIJIS PsAy mociayr — [HtepHety, Tenedonii
Ta Tere0ayeHHS.

1.5.1 Ormsigr GPON

Hacamnepen GPON e migpo3aiiom TexHosorii nacuBHi ontuaHoi Mepexi (PON),
sKa JJI Tiepefiadl JaHHUX BUKOPUCTOBYHTE apXiTEKTYpy MepeKi TOUKa-70-0araTo TOYOK
(P2MP) curnai npoxoauth 4epe3 ontuaHi BojokHa. PON Mae 1ocTy 10 IeKiTbKOX XOCTIB,
MIATPUMYE BHCOKY HIBUIKICTh JIOCTYNMY Ta 3MEHIIYyE 3aTpaTd Ha PECYpPCH ONTHUYHOTO
BOJIOKHA.

OcnoBHi TexHonorii PON marote macuBHy ontuuny mepexy Ethernet (EPON) ta
rira0iTHy nacuBHy ontuaHy Mepexy (GPON).

Texnomoris GPON - me macuBHMM CTaHIAPT ONTHYHOIO JIOCTYIy HOBOTO
MOKOJTIHHS, 3acHoBaHWM Ha craHgapti ITU-TG.984.X. BiH BiApi3HAETHCS BHUCOKOIO

MPONYCKHOIO 3JIaTHICTIO, BUCOKOI €(PEKTHBHICTIO, BEJIMKHUM [1alla30HOM OXOIUICHHS Ta
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BeNMKUM 1HTepdeilicom kopuctyBaua. lle imeanbHuit BuOip st 6araTboX MIANPUEMCTB
€(EeKTUBHO BUKOPHCTOBYBATU CMYTY IIPOITYCKAaHHS MOCIYT Y MEpEXkax JIOCTYILY.

TunoBa mepexxa GPON ckianaeTbcs 3 TpbOX KOMIIOHEHTIB: ONTHYHHUM JIHIAHUN
tepminan (OLT), ontuuna Mepexa posnoairy (ODN) ta 6mok ontuyroi mepexi (ONU).

Pucynok 17-1 noka3ye apxiTeKTypy Mepexi.

ODN
R |
~ mbu

) %%

DU |

Network Side Access Side User Side

Puc. 1.5. - Apxitextypa mepexi GPON

OcHoHi noasaTTs mpo GPON Taki:

a) OLT: mo3HaueHHs ONTUYHOTO JIHIHHOTO TEPMIHANY, BIH € MPHUCTPOEM
arperariii, po3MillleHUM Y IIEHTpaldbHOMY O(ici A 3aBepiieHHs mpoTokoiy PON;

b)  ONU: mo3naueHHs OJOKY ONTHYHOI MEPEKi, BIH SBISETHCS MEPEIKEBUM
MPUCTPOEM, SKHIM MIJKIIOYAaeThcsl 1O CTOPOHM KOpHUCTyBada. BiH SBIS€ThCA
BIJIMOBIIAJIBHAM 3a TEPECHIaHHS BUXITHUX JTaHUX KOPHUCTYBAaueBl Ta BHOIPKOBUM
MPUHOMOM BUXITHUX MUPOKOMOBHUX AaHUX Bif OLT. Sk mpaBuiio, BiH po3MIITy€eThCS
0171 KIHIIEBUX CIIOKMBAYiB, HAIPUKIIAT, Y KOPUAOPI, BAOMA YU B3JI0BXK JOPOTH;

C) ONT: mo3HaueHHs ONTHYHOTO MEPEKEBOTO TEPMiHATY, (DYHKITIIO CXOXKY
3 ONU. Pizaunsg monsrae B Ttomy, mo ONT Oe3mocepeHbo MIKIIOYACThCS 0
KiHIIeBUX KopucTyBadiB, aje Mix ONU 1 KiHIIeBUMU KOpHUCTyBadyaMu MOXE iICHYBaTH
1HIIIA Mepexa,;

d)  POS: Bka3iBHHK NacWBHOTO ONTHYHOTO crutitepa, 3'eqnyrodoro OLT i
ONU. Bin BUKOpHUCTOBYE PO3IUIEHHS OJWH BXiJ] HA KUThKA BXOIB 1 HE MIAKITIOYCHUN

70 YKOJHOTO 30BHIINIHBOTO JpKepelsia >KUBJIEHHSA. BiH LieHTpamnizye BUXIJHI JaHl Ta
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3a0e3nedye mnojaibii jgaHi. Baxko koHtpomoBatd POS, OCKUIBKM 1€ MAaCHBHUM
MPUCTPIii; TOMY 1I€ CEpHO3HO BIUIMBAE HA OOCIYrOBYBaHHS MEPEXKI;

e) ODN: o3Hauae 4YHUCTy MAacUBHY ONTHUYHY PO3MOJUIEYY MEpEKY, sKa
CKJIQJAE€ThCSI 3 TTACUBHHUX ONTHYHUX KOMIIOHEHTIB, TaKUX SK ONTHYHI BOJIOKHA Ta
ka0eJi, ONTUYHI pO3'eMU Ta ONTUYHI po3rainyxyBadi. BiH 3a0e3neuye onTuYHI KaHATU
nepenaul Mmix OLT 1 ONU;

f) PON (Passive Optical Network - macuBHa onTHuHa Mepeka) nepeadayae
CTBOPEHHSI pO3rayly’KeHoi Mepexi (MepeBakHO JAEePEeBOBHIHOI TOMONOrii) 0e3
AKTUBHHMX KOMITOHEHTIB - HAa TACUBHUX ONTHYHUX PO3Taly’KyBadax.

Texnomnoriss PON ineaibHO MIAXOAUTH JIs MOKPUTTS BEJIHMKIN TEPUTOPIi 3 PIZHOIO
HIUTBHICTIO 3a0yJ0BU: BiJ 0araTOMOBEPXOBUX PAMOHIB 10 KOTSIHKHUX MICTCUOK, JIe
nepeBaru TeXHOJOT1i pO3KpUBAIOTHCA B MOBHIM Mipi.

[lepemaua i mpuiioM B 000X HAmpsIMKax IMPOBOJATHCS, SIK MPaBUIO, IO OJHOMY
ONITUYHOTO BOJIOKHA, ajie Ha Pi3HUX JoBkKKUHAX XBUJIb (1310 1 1490 aM).

[HpopMmariist s BCIX KOPUCTYBadiB MEPENAETHCS OJIHOYACHO 3 THUMYACOBHUM
HOJILIOM KaHAIB BiJ TOJOBHOI CTaHIl - onTHYHOro JiHiHOro Tepminany (OLT, Optical
Line Terminal) - no xinneBux ontuunux Mepexenux 0mokiB (ONU, Optical Network Unit).

OnrtryHa oTyXHICTh 3 Buxoay OLT B By3nax Mepexi IUTUThCS (piBHOMIpHO abo
HEPIBHOMIPHO) TaKUM YHMHOM, 1100 piBeHb curHaimy Ha BXoii Bcix ONU OyB mpu0im3Ho
OTHAKOBHH.

TakuM YMHOM TIpU BUKOPUCTAHHI JaHOI TEXHOJIOTII MU OTPUMYEMO HACTYIHI

nepeBaru:
o €KOHOMisI BOJIOKOH B ONTHYHHUX KaOemsx;
° 3HaYHA €KOHOMIS ONITHYHUX BHIPOMIHIOBAYiB HA TOJIOBHIN CTaHIIIT;
o MOJKJIIUBICTh HaJlaHHS TPHOX BUIIB iH(oOpMalii (3rigHo 3 KOHIEHIEo triple

play) - romocw, Bizeo i JaHMX;

o HE Ma€ TMOTPEeOU eIEKTPOKUBIICHHS MEPEKEBUX €IIEMEHTIB (KpIM KIHIIEBUX);
o HEBEJIMKI BUTPATH Ha OOCITyrOBYBaHHS;
o MIPOCTa MOXKJIUBICTb MIIKIIOYEHHS A0OHEHTIB;
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o nojaibline 30UIbIIEHHS MBUAKOCTI nepeaadi (1o 10 roit / ¢ 1 Bumie) 0e3

3aMIHM O0JIaIHaHHS JIIHIKHOTO TPaKTy (ONTUYHI Kabel, po3rainyxKyBadyl, 3'€AHyBauyl).

| HEADEND)| OUTSIDE PLANT CUSTOMER PREMISE
—_s 1490nm
<~——— 1310nm PASSIVE VIDEO =

OPTICAL =

SPLITTER _L\—QAT—A—_—
[~ -

£ E /2. \_VOICE
g sl
oLT ONT

Puc. 1.6. - TpaHcasLis CUTHATY TIO ONTOBOJIOKOHHOMY Ka0eto

[lepeBaru texnosnorii GPON

[IpoBaiinepu 3MIHIOIOTH MiJIHI Ka0eil Ha ONTHYHI, TOMY L0 BOHHU 3a0€3Me4yIOTh
OUTBIII TOTY)KHHUM IHTEpHET-KaHaj. BiH He TUIBKM BIIMBA€ HAa IIBUJKICTH 3aBaHTAXCHHS
¢baiisiiB 3 IHTEpHETY, aJie 1 J03BOJISIE MIIKITI0UATH CyJacHi mociyru - udpose Th, oxopoHHi
CUTHaJII3aIll1, BIIEOCIIOCTEPEIKEHHS, TEIEMETPIIO.

[TepeBaru Gigabit PON nst aboHeHTa MOXHA PO3JUIHTH HA KiTbKa TPYIL:

1) 3py4HICTh. Y KBapTUPy MPOBOAUTHCS BCHOIO OAWH JpIT. BiH He 3BHCae 31
CTeNi 1 He TATHEThCS Yepe3 BCIO KBapTHUPY. A TOpYdY 3 BepuMa He OyJie ACCATKIB OTBOPIB
JUTS PI3HUX KaOelliB.

2) IBuakicte. Texnomorist GPON 3abe3neuye mBHAKICTh 1HTEpHETY 10 500
MGirt / ¢, HaBITh B MEpEXi, 3aBaHTAKEHOI OJJHOYACHOIO POOOTOIO JEKUIBKOX MpUCTPOiB. Lle
MOXJIMBO 3aBIISIKH TOTY)KHHM MOJIEMIB, SKi BCTAaHOBJIIOIOTH IpoBaiiaepu. BoHu modpe
CIPABJISIOTHCS 3 MapUIPYyTU3AIIEI0 1HHOpMAITii.

3) Hanitinicte. Meperka 3axuitieHa Bif nepemikos. Ha vei ne BruimBatots Wi-Fi-
poyTepu cycinmiB, pamgiotenedonn Ta iHmn ¢akropu. Ille BaxkamBo, mo Gigabit PON
BITHOCUTKCS 10 TACUBHUX ONTUYHUX MEpeX. A 3HauUnTh, Ha AUIsHI Bix ATC mo abonenTa
HEMa€ aKTUBHOTO 00JIaTHAHHS, SIKE MOXKE 3JTaMaTHCH.

4) Exonomis. Bam He motpiono kymyBaTr Wi-Fi-poyrep. [IpoBaiinep migkirouae
GPON uepe3 npuctpiid, kUil moeaHye B codi MoaeM i maprpyrtusarop. LlIBuame 3a Bce,

HOBUU THUI MIIKIIOYEHHS OyJe BaM BUTIAHUN 3 TOYKU 30pYy CHOKUBAHHA €HEprii. SKuio
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paHilie 10 Mepexi y Bac OyB HIAKIIOYEHHH MOJIEM, MapLIpyTU3aTop, TenedoH, TO 3
ONTOBOJIOKHOM /IO €JIEKTPUYHOI Mepeki OyJie MAKII0UeHUI TUTbKU TepMiHai. [Tlomicsauni
BUTpaTH Ha TEJIEKOMYHIKaIlli OyJyTh ONTUMI30BaH1 - BU 3MOXKETE OIJIa4yBaTH BC1 OCIYTH
B 0OJIHOMY ocobuctoMy kabiHeTi. Kpim Toro, oneparopu 3B'a3Ky NpONOHYIOTh pi3Hi Tapudu
Ha JoMalIHii iHTepHeT 3a TexHonorielo GPON. MosxHa BUOpaTu BeJNMKY MIBUAKICTD 32 Ti

K TPOILI, K1 BU TUIATUIIM paHille

1.6. MobinbHuii intepuer (2G, 3G. 4G)

OcHoBHa texHousoris 2G ne GSM (I'moGanpHa cucTeMa MOOUIBHOTO 3B'SI3KY).
Cuctrema 2G mignopsiakoByBasiach komoOiHariero TDMA (MHOXMHHUN jJocTynm 3
tuMuyacoBuM ToaiioM) 1 FDMA (MHOXWHHHUI JOCTYIT 3 YaCTOTHUM TOALIOM). 3aBISIKU
IIbOMY BEJIMKa KUIbKICTh KOPUCTYBadiB Maja 3MOTY OJHOYACHOTO MiJKIIOUEHHS B CMY3i
3aJIaHHUX YacTOT.

Bukopucranuii 4acTOTHUM 1HTEpPBAJ IIJIMBCS HA JIEKLIbKa TAMYACOBUX IHTEPBAJIIB,
TOMY KUTbKa KOPHUCTYBayiB MOTJIM KOPUCTYBATHCh NMEBHUMHM YAaCTOTHUMHU IHTEpBaJIAMH.
GSM cucTemMu BUKOPUCTOBYIOTH CBIM CIieKTp yacToTu 25 MI'nm B gaianmazoni 900 MI't. ¥V
mepexax 2G pgocsraroTbes mBHUIAKOCTI Omm3bko 14,4 Koit / c¢. OcHOBHI Mepexi,
Bukopuctati B 2G, € PSTN (tenedonHi Mepexi 3araJbHOT0 KOpUCTYBaHHA). JlaHIIOroBi
KOMYyTallii BUKOpHUCTOBYeThcs B GSM.

Pamionocnyru cranu mie OUTBII BaliTHUMHU TOMY 3pOCITH MOTpeOH Yy BiAMpaBIIi
naHux Takoro poxy, GPRS (3aramphna ciyx0a makeTHOTO pamio3B'sa3Ky) Oyina 3abura
icHyrouoro Mepexxkero GSM. 3aBasiku IbOMY JTOCSATAETHCSA ONTHUMAJIbHA MIBUAKICTH 10 150
Ko6ir / c. IlpoTte, koau BHHHKIIA HEOOXIMHICTh Yy 30UIBIISHH] MBUAKOCTI Iepeaadl JaHuX,
oymna Beegena EDGE (Enhanced Data GSM Environment), sika 30iibinmia oOcsar JaHUX B
4OTUPHU paszu. Takoxk Oysl0 MOXJIMBO BUKOHATH OHOBIICHHS icHyrouoi cucremu GPRS.
EDGE Ttakox moxxna BBaxatu 2.5G.

1.6.1 3G.

Cyuacna cuctema 3G BukopuctoBye texHosorito COMA (MHOXUHHUE TOCTYIT 3

komoBuM moaiiom) i WCDMA (mmpoKocMyroBuid MHOXXHHHHEI JTOCTYNT 3 KOJOBUM
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noaiiom). CDMA - 1ie MeTo/, sSIKMii BUBHAYAETHCS YHIKAIbBHUM KOJOM SIKHI MEepeaaeTbCst
OKpPEMO KOXXHOMY KOPHCTYyBaueBl MiJ 4ac BHKOpHCTaHHA. Konu yHikanpHUM KOA OYB
MpPU3HAYCHHUH B HBHOMY €(HEKTHBHO BUKOPHCTOBYETHCS TOBHICTIO JOCTYITHA CMYyTa
MPOIYCKAaHHSA. 3aBIsIKA I[bOMY JYXKE BelIMKa KUIBKICTh KOPHUCTYBadiB MOXYTh
BUKOPUCTOBYBATH KaHaj oJHOYacHO B nopiBHsAHHI 3 TDMA 1 FDMA.

Kosxen xopucTyBad MpUBIACHIOE CBiM YHIKAJIBHUIN KOJ,BeJIMKA KUIBKICTh KaHAIIB
dbopmyeTbest onHouacHO. 3G BUKOPUCTOBYIOTH Jiana3oH yacTotu Big 15 MI' o 20 MI'n,
ayactoTH1 cmyru g 3G cranoBiath Big 1800 MI't mo 2500 MI'w. [Tpu 6a3oBiit cucTemMHii
3G makcumanbHa MBUIKICTE gocsraeThes 10 2 M6iT / ¢. UMTS (yHiBepcalibHa cucTeMa
MOOUIHHOTO 3B'A3KY), MOKE€ BUKOPHUCTOBYBATH B 0arato pas3iB OUTBIIY YacTOTY Kap'epHOTO
3pOCTaHHS, 3aBASKUA I[bOMY MOKHA PO3MICTUTH Habarato OUTbIIY KUIbKICTh KOPUCTYBadiB
Hik 3 CDMA. B cuctemax 3G icHye 6a30Ba Mepeika, ika BUKOPUCTOBYETHCS K KOMOIHAIIIS
KOMYTaIlii KaHaJliB 1 KOMYTaIlii MaKeTiB.

VY nopanemiiii MoaepHi3ailii 1 30UTbIIEHH] JaHHUX BUKOpuUcTOBYyBasmcs HSPA i
HSPA + (BucokomBHAKICHHN makeTHWH noctym). 3aBasku HSPA +  wmepexi
MOJIEPHI3YIOTHCS 1 MOXKYTh BUKOHYBaTH pOOOTY Ha IIUPOKOCMYTOBHX MIBUAKOCTIX. MIMO
(Multiple Input Multiple Output) e mpeacraBmennsim y HSPA +. Came 3aBasku Hiit
MIBUIKICTh TIepeAaBaeMuX JaHHUI 3poctae no 42 M6it / ¢. HSPA 1 HSPA + MoxHa
posrsaaTu sk 3,5G 1 3,75G BiAnoBigHO.

MIMO - € MeTo0M, KOHIICIIiSI SIKOTO 00pa30Bye 0araTOMpPOMEHEB1 MOITUPEHHS
3a]171s MOKpaIeHHs paaioninii. OauH 1 TOH caMuii CUTHAT MOKe IPUMMATHCh ICKITTbKA pa3iB
Ha CTOpOHI mpuitMaya. Yepes me IIaHC MOMMIKH HabaraTto 3MEHINYEThCS, a 3arajibHa
MPOTYKTUBHICTH 30 UIBIIYETHCSI.

[le omna mepeBara B cuctemi 3G - Hand-off. IIpu mpomy mist xopuctyBaua
YCTaTKyBaHHS MIIKIIOYAE€THCS JO ABOX BHUIIIOK OJJHOYACHO, Yepe3 IO IMiJ Yac mepeaadi He
Bi/IOyBAETHCS CKUJAHHS BUKIIUKY.

1.6.2 4G.

LTE (Long Term Evolution) — e cranmapTom 3B’s3Ky B MOOUTbHUX TEXHOJIOTIsX 4G,
3acHoBaHUU Ha TexHONOTiIX GSM / EDGE i UMTS / HSPA. LTE xopuctyerbess CDMA a6o

OFDM 3 neskumu JOTIOBHEHHSIMHU (MYJIBTHILUICKCYBAaHHS 3 OPTOTOHAJIBLHUM YaCTOTHUM
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noauiom). B OFDM mnoTik, MOIyIHpYIOIMMA BHCOKY IIBHUIKICTh NepeAadl JaHHX,
MOJAUIAETHCSA 1 MOTIM MOMIIIAETHCA Ha O€3J11Y MOBUIBHO MOJYJIbOBAHUX BY3bKOCMYTOBHX
MIAHECYTh 13 3aKPUTHUM 1HTEPBAJIOM.

B 4G BukoputoByroTh yacToTHUM nioma3zoH Bix 2000 MI'm mo 8000 MI'm 1
BUKOPHUCTOBYE creKTp yacToT Big S MI' 1o 20 MI'i. MakcumaibHa IIBUIKICTh HU3X1AHIN
JiH1i 3B's13Ky 07m3bko 100 MOIT / ¢ 1 IBUIKICTH BUCX1IHIH JIiHIT 3B'A3Ky O0Jm3bK0 50 MOIT /
¢ nocsiraetecst B cuctemax LTE. Uepes Taky BUCOKY IIBUIKICTH NIEpeayl JaHUX BIH MOXKeE
OiATPUMYBATU MPOTPaMHU, 1110 BUMAraloTh BEJIMKOI MPOIYCKHOT 31aTHOCTI, TaKi SIK OHJIalH-
Irpy, MOTOKOBE B1/1€0 BUCOKOI YITKOCTI, lepeaya rojiocy mno IP.

Tun 6a30Boi Mepexi, BUKOpucToBYBaHOiI B 4G, 3acHoBanuii Ha IP. Mepexa 4G mae
Jy’K€ HU3bKI 3aTPUMKH, Ma€ OUTBII IIUPOKHUI KaHat 1 arperaiito Hecyuux a0 100 MI'w.

JIBoma 3aranibHumMu pexxumamu LTE € LTE FDD i LTE TDD

BucHoBkHM 10 po3ainy

B nepmomy po3aiini 6akanaBpoBchkoi kBanmidikariiinoi podotu Oynu omucaHi
PiI3H1 acleKTH TEXHOJIOT1M MPOBaiiICHTy 1HTEpHETY, 3BEPHEHO yBary Ha CTPYKTYpY
IHTEpHETY Ta BUJIJIEHHO OCHOBHI 11 aclIeKTH. 30KpeMa 3BEpHEHO yBary Ha TEXHOJIOT1t0
TpaHCHAIIl MepeXeBUX aapecc. Po3rissHyTHii OCHOBHHME IPOTOKOJ YIIPaBIIHHS
nepenayeio JaHHUX Ta MOPIBHSHO JIBa aJpecHUX MPOTOKOIU. OmHcaHO B3a€MOJII0
TEXHOJIOT1 Ha (I3BUMYHOMY Ta KaHAJIBHOMY DPIBHSIX MEpPEKeBOi MOJEl B3a€EMO/IIM.
BuBdeHi1 0OCHOBHI TPUHIIMITN KOMYTAIlii Ta MapuIpyTu3ailii. 3HaiIeHa HOBa TEXHOJIOT s
MPOBAWIMHTY IHTEPHETY Ta PO3MNISIHYTa HaWmomupeHima. Po3mosineni 1 mopiBHEH1
TEXHOJIOT1i MOOUTHPHOTO MpoBaiAMHTY.B pesymbTaTi Oyno BH3HAYEHO HIO0 Mepexka
MPOBAWIMHTY IHTEPHETY Halliuye B co0i pi3Hi eTanu noOynoBu. CydacHi TEXHOIOTIT
MIPOBAWIMHTY MPAIIOIOTh HA MTPOTOKOIAX Mepeaadi JaHUX sIKi MPAIIOI0Th HA OKPEMHX
piBHAX TOOYI0BH cucTeMu. Uepes BeNUKy KiTbKICTh TEXHOJIOT1H CCTeMa Ma€ 3BUUYKY
3MIHIOBATHUCH | OHOBITFOBATHCH, UEPE3 11€ 3HAUTH OJWH CTAaHAAPT JJIs TOOYT0OBU KOXKHOT

MepexK1 HEMOXKITUBO.
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PO3JILI 2
TEXHIKA MIPOBAMJIEPA IHTEPHETY

2.1 lix0ip TexHiku npoBaiaepa iHTEPpHETY

[Ilo6 crtatu mpoBaiigepom ¢ipMa nmorpedye MporuTH yepe3 OaraTo eTamiB 3aKyNKd
oOnagHaHHs, OyIbsKa TEXHIKA MOTPEOy€E YITKOTO Ta PO3MOAIEHHOTO Mi00pYy, ONUPAIOYUCh
Ha NOTPeOHOCTI KOMMaHii 1 MailOyTHIX KOPUCTYBaYIB JIJIsl KOXKHOTO BapiaHTy Mepexi Tpeda
BUKOHATH TEXHIUYHY JOKYMEHTAI[ll0 3TiIHO 3 3alIaHOBaHUMHU JisMU KommaHii. barato
TH)KEHepPHUX KOMIaH1{ Ta TOPriBeNbHUX (IpM HAIaI0Th TOMIOMOT'Y B TOOY/I0B1 CEpBEPIB JIJIs
Hnociayr mnpoBaigepa. BoHu THMMuYacoBO HaJalOTh MOYATKOBUM IpoBaiiiepaM HEOOXI1JHI
MOKJITUBOCTI cepdiHry B [HTEpHETI.

[aTepHeT-nipoBaiiiep — 1€ HaAliHe MANPUEMCTBO, SIKE J1a€ O€3714 MOXKIUBOCTEH JIJIst
KOPHUCTYBauiB MEPEXKi Ta JJIs peaizallii 6araTb0X BUI1B AISTILHOCTI. Mepeka mpoBaluHry
mpaioe  0e33yNMMHHO Ta 3 BEJIMKOK KUIBKICTIO KOPHCTYBadiB, TOMY HEOOXiJTHO
BUKOPUCTOBYBATH JIOCTATHHO TOTYKHUUA Ta NPOAYKTHBHUN KOMIUIEKC 3 BHUCOKHMH
NPAKTUYHUMH XapaKTePUCTUKAMHU Ta MiJBUILIEHOIO HAIIHHICTIO.

2.1.1 Habip nns nmpoBaiinepa

[Tpu skicHiN mepeaadi JaHUX 1 YCHIMTHOMY HaJaHHI JOJaTKOBUX MOXKJIMBOCTEH HJIs
YUCJICHHUX KOPUCTYBadiB, ITHEPHET MeEpEki yKe TMOTpiOyIoTh NpUAOAHHS JTOCHTH
MOTY)KHOTO oOjagHaHHg. ToMy pO3rIsHEMO MIHIMaJbHUM KOMILUICKT OCHAIIEHHS, SIKOTO
JOCTaTHBO I OpraHizamii sIKICHOI mepejadl JaHUX IPU HEBEJIUKIM KOPUCTYBAIbKii
KUTBKOCTI.

Lle#i mepenmik CKIAAAEThCSI HA OCHOBI MPAKTUYHOTO BUKOPHUCTAHHS BpeaTbHUX
CUTYyallisIX, K1 Oynu BHU3HAUEHHI 3 JOCBIAY JIIOAEH sKi Oe3mocepeHbO 3aiiMaluCs UM

BUJIOM JISUTBHOCTI HAa TPOTA31 HE OJHOTO pOKy. lleil KOMIIeKT BKIIFOYae€ HACTYITHI

KOMIIOHECHTH:

Kagheopa KCM HAY 21 11 33 000 113
Buxonag Ipaboscwruti K.B. TexHixa nposaiiounzy Jlim. | Apxyw | Aprywis
Kepisnuk Anopeee O.B. inmepremy \% I 31 68
Koncynom.
Hopmoxoum. | XKypasenv C.B. 123 KC-431b
3as.xagp. Kykoe ILA.




A)  CepBep Ha MOTYXHiH mIaThopmi.

[Mpuknagom Buctynae Inpro Archer mmardopma Intel SR1530. Ha croroaHiniHii
JI€Hb Yepe3 BUCOKI Cy4YacCHI BUMOTH, MPOLECOpP MOBUHEH OyTH K MIHIMYM 4-SIepHHUM 3
gacToToro mHUHU He Hkue 1333 MI'n. Ilpu mBuakiil po6oti 6e3 300iB Oyae MOXIMBUM
nuiie Bukopuctatu miathopmy 2 I'6 onepatuBHoi nam'sati. CepBepauii [1IK notpelye sk
MiHIMYM 4, a kpaiie 8 I'6 O3Y. Ha koxHiii muiargopmi HE0OX1IHO BCTaHOBIIIOBATH MO 1 a60
2 xopcTkux nucka 3 o0'emom Outbiie 250 I'6. KpinneHHs 3HaXOaUThCA Ha ClielialbHINA
ctivii. Taka KOMIUIEKTALSA € HAWOMITUMAJILHIIIO 11O CITIBBIIHOIIEHHIO I[1HH 1 IKOCT1. AJje
AKIIO XOYeTe 3a0llaguTH, TO MOXHa Mpuadatu cepsep AemieBmie IMmpo, ane BapTo
PO3YyMITH, IO TPOJYKTUBHICTD 1 MOTYXKHICTh MOTO HIDKYE.

[Mpuknanu Inpro CepeepiB Tenematuunux ciry:x0 Archer INT:

Kommanisg Inpro Computers Bupo0isie cepepu 3 1994 p 3amoBHUKaMU ii cepBEpHOT
OPOAYKIIi € TeJIeKOMYHIKallliHI KOMMaHIi, JepKCTPYKTYpH, MIANPUEMCTBA MaJoro 1
cepeaHbOro Oi3HECY.

Haii6inb1 3aTpeOyBaHUMH Ha CHOTOAHIIIHIN J€HB - MOJIEN1 CEpPBEPIB, OPIEHTOBAHI
Ha TeJICKOMYHIKaIiiH1 koMmaHii. L1 mpoaykTH XapakTepu3yroThCcsl HAIBHICTIO cepTudikara
BIJIMTOBITHOCT1 B 00J1aCT1 3B'SI3KY, THYYKOT'0 KOH(IrypaTopa 1 BUCOKOK OOYHCIIOBATLHOIO
HOTY)KHICTIO B po3paxyHKy Ha 1U micus B cridimi. Cepsepu Inpro Archer Int BimmiHHO
MIIXOMATh JIJI1 YCTAaHOBKU B CTiMKHU Internet-mpoBaiiiepiB 1 cTBOpeHHS CepTU(HIKOBAHHUX

BY3JIiB 3B'SI3KY.

Puc. 2.1. - Cepgep Inpro Archer Int

32




Tabmmms 2.1
Cepsepu Inpro Archer Int

PiBHi cepBepiB

XapakTepUCTHKU CEPBEPIB

1 2

INPRO  Archer | 2U, Intel® Celeron® Quad-Core J1900 2.0 GHz, 1o 8GB mam "sti

INT RM223 C DDR3 1333MHz, no 2-x Fixed SATA HDD/SSD, DVD-RW

INPRO  Archer | 2U, Intel® Xeon® E3-12XXv3 ab6o Intel® Core™ j3-41XX, i3-

INT RM223 S 43XX, 1o 32GB nam’sti ECC DDR3 1600MHz, oo 2-x Fixed
SATA HDD/SSD, DVD-RW

INPRO  Archer | 2U, Intel® Xeon® E3-12XXv3 ab6o Intel® Core™ j3-41XX, i3-

INT RM223 L 43XX, o 32GB nam’sti ECC DDR3 1600MHz, oo 2-x Fixed
SATA HDD/SSD, DVD-RW, BifjianeHe ynpaBliHHS - OIS

INPRO  Archer | 1U, Intel® Xeon® E3-712XXv3 wuau Intel® Core™ i3-41XX, 13-

INT R1304RPS 43XX, no 32GB mnam’sati ECC DDR3, oo 4-x Fixed 3,5”

SAS/SATA HDD, we nintpumye IP-KVM (iLO)

CepenHiil piBeHb

INPRO  Archer
INT R1304RPO

1U, Intel® Xeon® E3-12XXv3 a6o Intel® Core™ i3-41XX, i3-
43XX, 0o 32GB nam’sti ECC DDR3, oo 4-x SAS/'SATA HDD
rapsi4oi 3aminy, MOxJIMBicTh yctaHoBkH IP-KVM (iLO)

INPRO  Archer
INT R1304RPM

1U, Intel® Xeon® E3-12XXv3 abo [ntel® Core™ j3-41XX, 13-
43XX, oo 32GB nam’sti ECC DDR3, oo 4-x SAS/SATA HDD

raps4oi 3aminu, MOXIUBICTh YycTaHoBKU |IP-KVM (iLO), 2 6roka
nutanus 450W Gold

Cmapwiuii piBeHb

1U

INPRO  Archer | 2x Intel® Xeon® E5-2600 v2, no 768GB mam'sti ECC DDRS3, 10

INT 1304GZ4GC | 4-x SAS/SATA HDD rapsiuoi 3aminu, MOXIHUBICTD ycmarnoeku IP-
KVM (iLO)

INPRO  Archer | 2x Intel® Xeon® E5-2600 v2, oo 768GB nam’sati ECC DDR3, 0o

INT 1208GZ4GC | 8 SAS/SATA 2.5" HDD raps4oi 3amMiHH, MOXIIUBICTb YCMAHOBKU
IP-KVM (iLO)

INPRO Archer | 2x Intel® Xeon® E5-2600 v3, oo 768GB DDR4 RDIMM, 2x

INT 1304WTTGS | 10Gbe RJ-45, 00 4 SAS/SATA HDD ropsiuoi 3aminu, MOKIUBICTb
ycranoBkd IP-KVM (iLO ) rapsigoi

INPRO  Archer | 2x Intel® Xeon® E5-2600 v3, oo 768GB DDR4 RDIMM, 2x

INT 1208WTTGS | 10Gbe RJ-45, 0o 8 SAS/SATA HDD rapsiuoi 3aMiHH, MOKJIIUBICTh

ycranoBku |P-KVM (iLO)

Cmapwuii piBEeHb
2U

INPRO  Archer
INT 2308GZ4GC

2 porieccopa Intel® Xeon® E5-2600 v2, 0o 768GB nam’sti ECC
DDR3, 00 8-x 3.5" SAS/SATA HDD raps4oi 3aMiHH, MOKIUBICTb
ycranoBku IP-KVM (iLO )
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[Iponosxenns tadu. 2.1

INPRO  Archer | 2x Intel® Xeon® E5-2600 v3, 0o 768 GB naw’smi DDR4-2133,
INT 2308WTTYS | 2x 10Gbe RJ-45, oo 8 3.5" SATA/SAS 12 Gb/s HDD raps4oi
3aMiHd, MOXKIHBICTB ycmarnosku IP-KVM (iLO )
INPRO  Archer | 2x Intel® Xeon® E5-2600 v3, 0o 768 GB naw’smi DDR4-2133,
INT 2312WTTYS | 2x 10Gbe RJ-45, 0o 12 3.5" SATA/SAS 12 Gb/s HDD raps4oi
3aMiHd, MOXKIHMBICTB yemarnosku IP-KVM (iLO )
INPRO  Archer | 2x Intel® Xeon® E5-2600 v3, 0o 768 GB naw’smi DDR4-2133,
INT 2208WTTYS | 2x 10Gbe RJ-45, oo 8 2.5" SATA/SAS 12 Gb/s HDD raps4oi
3aMiHd, MOXKIHMBICTB yemarnosku IP-KVM (iLO )
INPRO  Archer | 2x Intel® Xeon® E5-2600 v3, 0o 768 GB naw’smi DDR4-2133,
INT 2224WTTYS | 2x 10Gbe RJ-45, 0o 24 2.5" SATA/SAS 12 Gb/s HDD raps4oi
3aMind, MOXKIHBICTE yemarnosku |P-KVM (iLO )

EdekruBHa pobota nposaiinepy notpedye OUTIHTY, 3 BIAOMHUX MPOMO3MUILINA Kpale
Bubupatu Netup UTM 5. 1l cuctema KOPUCTYETHCSI BUCOKOIO TOIMYJISIPHICTIO 1 HAJIUy€
BEIMYE3HY KUIbKICTh a00HEHTIB. TuM Oinbiiie BoHa Mae ceptudikat CCC.

B) Komyrarop

OgHuM 3 HaWBaXJIMBIMIMX AaCIMEKTIB MPOBAMAMHTY, TPHUCTPIA 110 BUKOHYE
OpraHizaiilo JOCTYyIy BEJIMKOi KIJIbKOCTI KOPHCTYBadiB MeEpekXi € KOMYTaTop.
HadionrrumanpHIIIUK 3a BapTICTIO MOPTY 1 HATIHHOCTI pOOOTH € MPHUCTPiNl TOPTOBEIBHOT
mapku Dlink DES 35268S. Ile nepeBipenuii pokamu 1 YUMaTiMy HaBaHTA)KEHHSIMH amapar,
KWW 3a0€3MeYuTh Bac HEOOXITHOO SKICTIO POOOTH 1 BACOKUMH IMOKa3HUKAMHM ITBUJIKOCTI

HE3aJIEKHO B1J] KUTBKOCTI AOOHEHTIB.

Puc. 2.2. -Komytarop DES-3526
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Komytaropu cepii 10/100 Mo6ir / ¢ D-Link DES-3500 € B3aemHo CtekoBi
KOMYyTaTOpaMu piBHS AOCTYIY, 1110 MIATPUMYIOTh TexHoJorito Single IP Management (SIM,
yrnpaBiiHHs yepe3 eauny [P-anpeca). Lli komyTtatopu, siki MaroTh 24 abo 48 10 / 100BASE-
TX noptis i 2 kom60-tmoptu 1000BASE-T / SFP Gigabit Ethernet B crannaptHomy Koprtyci
JUIsl YCTAaHOBKM B CTIMKY, pPO3pOOJIEHI il THYYKOro 1 O€3MEeYHOro MEepeKeBOro
MIIKJIIOYEHHS. JUIsi TOOYJAOBM YacTHMHU OaraTOpIBHEBOI Mepexki, CTPYKTYpOBaHOi 3
MAaricTpajuIio 1 HEHTPaI130BAaHUMU IIBUAKOAIIOYUMH CEPBEPAMHU.

Jnst  opranizanii  ctabuibHOI  poOOTH  CEepBEpPHOro  OOJNAJHAHHA MOTPIOHO
BUKOPUCTOBYBATH HaJliiiHe Mxepeno Oe3nepediiiHoro kupieHHs He MeHie 1000BA. Bin
3a0€3MeunTh MpaIle3/IaTHICTh CepBepa HE3AJICIKHO Bij] 30BHINIHIX YAHHUKIB, BUKITIOUMBIIT
MOKJIUBICTh Henepe0aueHOro BUXOAY 3 JaAy Oyb-IKUX KOMIIOHEHTIB CUCTEMH.

Tabmus 2.2
Xapaxkrepuctuku Komyratop DES-3526

XapaKkTepUCTUKH

KinpkicTh mopTin
24 moptu 10 / 100BASE-TX, 2 xom60-tioptu 1000BASE-T / MiniGBIC (SFP)
CrangapTtu Ta QyHKIIIT
IEEE 802.3 10BASE-T / 802.3u 100BASE-TX
IEEE 802.3ab 1000BASE-T / 802.3z 1000BASE-SX / LX
ANSI / IEEE 802.3 NWay aBTOYy3roKeHHS
IEEE 802.3X kepyBaHHS OTOKOM
ABTOMaTH4HE BU3HaYeHHs nossipHocti MDI / MDIX
BinnzepkaneHHs nopris

ITinrpumka SFP
IEEE 802.3z 1000BASE-LX (DEM-310GT Tpancusep)
IEEE 802.3z 1000BASE-LX (DEM-330T tpancusep)
IEEE 802.3z 1000BASE-LX (DEM-330R tpancusep)

IEEE 802.3z 1000BASE-LX (DEM-331R tpancusep)
ITporpamne 3abe3neueHHs

VLAN

IEEE 802.1Q Tagged VLAN

VLAN Ha 6a3i moptiB

GARP / GVRP

Makcumanbaa kinbkicte VLAN nHa mpuctpiit: 255 VLAN (cymapHO cTaTHUYHUX 1
JUHAMIYHHX )

Yepru npioputeTis (CoS)

Cranpapr: IEEE 802.1p
Konnuects uepr: 4

Knacudixkaris tpadiky (CoS)
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[Iponoxxenns tadu. 2.2

Mo>ke OyTH 3aCHOBaHa Ha THIAaX JIOJATKIB, BA3HAYEHUX KOPUCTYBAUEM:
TOS
Diffserv (DSCP)
Ha ocHoBi nopTiB
Ha ocnoBi MAC-anpecu
Ha ocnosi IP-anpecu
Ha ocnosi Homepa nopty TCP / UDP

MexaHi13MU yOpaBiIiHHS YepraMu IpiopUTETIB
Anroput™ cyBopoi uepru mpioputeTiB (Strict priority) i 3BaykeHOi crpaBeIIMBOT
yeprosocTi (Weighted fair queuing)

YrpaBiiHHS JOCTYIIOM

Odynkiist Port security (make. 20 MAC-aapec)
VYnpasninas goctynom 802.1x Ha 6a3i mopTiB
VYnpasninas gocrynom 802.1x Ha 6a31 MAC-aapec
SSHwv.1,v.2
SSL
CermenTarnis Tpadiky (6e3 a6o 3 reramu VLAN)
IP-MAC-Port Binding: 512 3amnucis

VY mepexi Ethernet Kosken nposaiiiep iHTepHETY 3aMOBJISIE 00JIaIHS OMTUPAIOYHCH
Ha Oro XapakTepPUCTUKU

[{i xapakTepUCTHUKHA MOXYTh 3MIHIOBATUCh B PI3HUX CUTYaIllsIX, HA OJIHY MEPEXY
poBaiiep MOXe BUILUIUTH JOPOT1 KOMYTaTOPH 3 BUCOKOKO MIBHAKICTIO 1 PO3IMOIJICHHOIO
apXiTeKTyporo. Taki KOMyTaTOpU BUKOPHUCTOBYIOTHCS IJIsl MIATPUMAHHS 0araThb0X MEpex
KOPHUCTYBayiB.

OcCHOBHI XapaKTePUCTUKH KOMYTaTOPiB:

- TUTIOBE PO3TOPTAHHS,

- MOJIeT;

- MOCITYTH KOMYTAIIli Ta MapuipyTu3aiiii;

- IIIBUIKOCTI;

- *KUBJICHHS depe3 ethernet;

- IUHAMIYHA CErMEHTALlIS;

— BipTyasi3allisi CTEeKIB;

— aBTOMAaTH3alllsd Ta aHAJIITUKA,

— MIATPUMKA YIIPABJIIHHS.
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HaliBucoKosKICHIII1 KOMYTaTOPH JJIs MIATPUMKH KIIIEHTIB-TIPOBANIEPIB.

Komyraropu noctymy Aruba CX 6400 Switch Series.

CydacHa, 1HTENIEKTyajJbHa pOJAMHA BUCOKOAOCTYIMHUX KOMYTATOPIB, 11€aJIbHO
MiIXOMUTH 71 BUKOPUCTAHHS Bill KpailoBOrO JOCTYIy 10 SApa Ta OO UEHTPY 0OpoOKH
naHux, Bkarogaroun leaf architectures ta EVPN-VXLAN fabrics.

J1J1st BAMOTJIMBUX MEPEK KaMIyciB Ta IeHTpiB 00po0Oku nanux CX 6400 3ade3neuye

MOCTIMHY MPOYKTUBHICTb.

Puc 2.3. - KomyraTtop moctymy Aruba CX 6400 Switch Series

Cepis komytatopiB Aruba CX 8400 6a3yetbcs Ha AOS-CX, a cydacHa, KepoBaHa
0a3zaMu JTaHUX OTepalliiHa CUCTeMa, sIka aBTOMAaTH3Y€E Ta CIPOIIy€E OaraTo KPUTHIHUX Ta
CKJIQJHUX MEpEeXKEBUX 3aB/aHb. BOyqoBaHa 6a3a JaHUX YaCOBUX PSAIIB JO3BOJISE KIIEHTAM
Ta PO3POOHUKM BHKOPUCTOBYBATH CIIEHAPIi MPOTPAMHOTO 3a0€3MEUCHHS IS ICTOPUYHUX
YCYHEHHSI HECIPAaBHOCTEHW, a TaKOX aHam3 MUHYIHX TeHAceHIiH. Ile momomarae
MPOTHO3YBATH Ta YHUKATH MalOYyTHIX MpoOyieM yepe3 Macitad, 0e3meKy Ta By3bKi MICIIs Y
BukoHaHHI. Hame mporpamue 3abesmeuennss AOS-CX rtakox Bkimrouae Aruba Network
Analytics Isuryn (NAE) ta mintpumka Aruba NetEdit. Ockinbkun AOSCX moOynoBanwii Ha
MOJIYJIBHINA apXiTekTypi LINUX 31 craTtycom 0a3u JaHUX, Hallla OIepalliifHa cucTemMa
3a0e3reuye HACTYMHE YHIKallbH1 MOKJIIUBOCTI:

o MPOCTUI JOCTyn 10 BCi€i i1H@QopMallli mpo CTaH Mepexi J103BOJISIE

OTPUMATH YHIKaJbHY 1HPOpMAILiO;
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) BUJIMMICTD Ta aHAIITHKA;
o rest api Ta cuenapii python ais apiGHO3EPHUCTHX;
o MIPOTrPaMOBaHICTh MEPEIKEBHUX 3aBIaHb;
o apXiTeKTypa MIKpPOMOCIIYT, 110 3a0e3Meuye MOBHY IHTETPAIliio 3 THITUMU
CHUCTEMaMH POOOYOTO ITUKITY Ta MOCTYTaMHu.
Tabmuis 2.3

Xapakrepuctuyku komyratopa goctymy Aruba CX 6400 Switch Series

OCHOBHI XAPAKTEPUCTHUKH

Bucoka npoayktuBHicTh KomyTallii 19,2 tepadit B cexynay (1,2 Toit / ¢)

Bucoka noctymHicTh kiacy mnepeBizHuka 3 Aruba Virtual Po3wupenns xkomyTanii
(VSX), HapnuikoBe yrpasiliHHS, TOTYXKHICTh i TKAHUHA

AOS-CX 3abesneuye aBTOMaTH3allil0 Ta MPOrpaMOBaHICTb BUKOPUCTaHHS
BOynoBauux REST API ta ckpuntis Python

[HTEeNeKTyaTbHUH MOHITOPUHT, BHJIMMICTh Ta YCYHCHHS 3a JOIMOMOTOI MexaHi3Mm
aHAJITUKU Mepexi ApyOa

JNuuamiuanii VXLAN 3 BGP-EVPN s rmu6okoro cermeHTallis B ieHTpax 00poOKu
JTAHUX Ta B KaMIycCi

Po3ropranHs ofHHM JOTHKOM 3a JOITOMOTr0I0 MOOiTbHOTO moaatka Aruba CX

[MTinrpumka Aruba NetEdit mis aBTomaTi30BaH01 KOH(DIrypaiiii Ta mepeBipka

Habip ¢yukuiii Advanced Layer 2/3 skitouae BGP, EVPN, OSPF, VRF Ta IPv6

Komnaktae maci 8U 3 BHCOKOIO HIUIBHICTIO, MIBUAKICTIO Tiepenadi [limkmroueHHs
10GbE / 25GbE / 40GbE / 100GbE

o ITocTiliHa CcHHXpOHI3AIll CTaHy, W0 3a0e3rnedye dUyqoBY poOOTYy
BIIMOBOCTIMKICTh 1 BUCOKA JIOCTYITHICTD.

° VYci nmporpamMHi IpoIiecu B3a€MOIIIOTH 13 023010 TaHUX, a HE OJMH OHOTO,
3a0e3mneuyoun MaiKe B PEKUMI pealbHOTO Yacy CTaH 1 CTIUKICTh 1 JO3BOJIAIOTh OyTH
OKPEMHUMH MPOrPaMHUMH MOJYJISIMHA HE3aJICKHO OHOBJICHUH JJIs1 BUILIOT IOCTYITHOCTI.

Typical Deployment

Access, Aggregation, Core, Data Center

Models

5 and 10 slot chassis models

Switching and Routing Services

Advanced Layer 2 and 3

Switching Performance/Capacity
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Up to 28 Thps

Speeds

1G, SFP, SFP+, Smart Rate multi-gigabit, 10GBASE-T, 25GbE, 40GbE, 50GbE,
100GbE

Power over Ethernet

PoE, PoE+, 60W High Power PoE (IEEE 802.3bt)

Dynamic Segmentation

Yes

Stacking Virtualization

Stack Maximum: 2 switches (VSX)

JleTaii Ta TexHI4H1 XapakTtepucTuku cepii Aruba CX 8320

CX 8320, crBopeHu# s 3MIHHOI OmepaliiiHoi epeKTUBHOCTI 13 BOYIOBaHOIO
Oe3MeKo0 Ta CTINMKICTIO, 3a0e3nedye OCHOBY JUISi BHCOKOMPOIYKTHBHUX MEpEXK, IO

miaTpumMytoTh 10T, MOOUIBHI Ta XMapH1 JOIATKH.

Puc 2.4. — xomyraTop Aruba CX 8320

[Ipu3HaueHuit AJis KOPIOPATHBHUX MICTEYOK, arperamii Ta MEpeKHUX IICHTPIB
o0poOku manmx. Hammi kopmopaTWBHI KOMYyTaTopw 3a0e3leuyroTh HEOOXigHy Bam
MPOYKTUBHICTH Ta BOYZOBaHY aHAJITHKY.

BucokomBuakicHa, MOBHICTIO pO3MOICHA apXITEKTypa

3abesmneuye 2,5 TOIT / ¢ nns qBoHanpaBieHoro nepemukanss ta 1 905 Moir / ¢ nnst
nepeaapecarii.

CninbHa onepaiiiina MoJieb
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Pozmnpenns mepex KaMnyciB Ta HEHTPIB OOPOOKM JaHUX 3aBASKHU TPAIULIIIHIN Ta
XMapHii KepOBaHii THYYKOCTI

Jloka3 Maii0yTHBOT BaIlIOi KOPIOPATUBHOI MEPEXKEBOT IHPPACTPYKTYpH

Hab6ip ¢pynkmiit Advanced Layer 2/3 sxiirouae BGP, OSPF, VRF Ta IPv6. Komyrartis
Ta MapUIPyTU3allisi BUKOHYIOTBCS B MOJIYJIAX BBOAY-BMBOAY, BIANOBIAAIOYM BHUMOTaM
porpam, 10 BUMararoTh IPOIMYCKHOI 3JaTHOCTI ChOT'0/IHI Ta B MallOyTHHOMY.

BucokonponykTuBH1 Mepexi

Kommnakrtai komytatopu 1U 3 migkmouenssim 1 / 10GbE (SFP / SFP + ta 10GBASE-
T) Ta 40GbE.

Tabnuus 2.4

OcHoBHI xapaktepuctuku komyrtaropy Aruba CX 8320

Bucoxka npoaykrusHicts 2,5 To1iT / ¢ 3 1 905 MIIC

Bucoka 1ocTynHiCTh 3aBISKU BipTyalbHOMY KoMyTailii Ha Apy0i Posmmpenns (VSX)

Ta HAAJIMIIIKOBC, IO MOXKCEC 3aMIHIOBAaTHCS OJIOKH >KUBJICHHS Ta BCHTHUJIATOPU

AOS-CX 3abesrneuye aBTOMATU3AII0 Ta MPOrPpaMOBaHICTh BAUKOPUCTAaHHS BOYTOBAaHUX

REST API ta ckpunris Python

[HTeNneKkTyaTbHUN MOHITOPHUHI, BUAMMICTH Ta YCYHEHHS 3a JOTMOMOror MexaHi3M

aHAJIITUKU Mepexi ApyOa

Po3ropranHs ogHHM JOTHKOM 3a JOITOMOI0I0 MOOiTbHOrO momatka Aruba CX

[MTinrpumka Aruba NetEdit mis aBTomaTi30BaH01 KOH(DIrypaiiii Ta mepeBipka

Ha6ip ¢ynxkiiit Advanced Layer 2/3 sxirouae BGP, OSPF, VRF Ta IPv6

Kommnakthi nepemukadi /U 3 1 / 10GbE (SFP / SFP + ma 10GBASE-T) Ta 3’eananus
40GbE

Secure and reliable Layer 2 access switch

besneuna Ta HamiiiHa cepis KOMYTAaTOpiB MOCTYyIy piBHA 2, sfka 3a0e3mnedye
ONMTUMIi30BaHi (YHKII] MOYaTKOBOTO PIBHSA JUIsI KPAmIOTO JOCBiy poOOTH B Mepexi
KaMITyCy.

2530 3abe3neuye Oe3meky, HAAIWHICTh Ta TPOCTOTY BHUKOPUCTAHHS IS

KOPIOPATUBHOTO MicTeuKa, (iTii Ta pO3TOPTaHHS MAJIOTO Ta CEPEIHBOTO Oi3HECY.
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Puc 2.5. — Komyrarop Aruba CX 2530

Komyraropu Huaweli

Jnst  ycmimHoi opraHizaiii MepeXeBOoi CTPYKTYpPU BaKJIMBY pOJb BiJirpae
KOMYyTaIlisi MIX 11 OKpeMHMH BY3JIaMH, sIKa IOBUHHA 3a0e31euyBaTH HEOOX1IHY IPOITYCKHY
3MATHICTh s oOMiHYy iH(opmamiiHuMu motokamu. Komyratopu Huawei rorosi
3ampOIOHYBATH KOPUCTYBAYEB1 JOCUTH BUCOKY IIIIbHICTh BIIMOBOCTIMKUX KOMYTAI[IHHUX
MOPTIB, SKI TapaHTYIOTh IMepeaady MacuBiB 1H(GoOpMallli Ha BHUCOKIM HIBUAKOCTI.
[IpornoHoBaHi MPUCTPOi BIA3HAYAIOTHCA HAA3BUYAWHOIO CTIMKICTIO 10 BIIMOB 1 JIETKO
IHTETPYIOTHCA B YK€ ICHYIOU1 MEPEXKEB1 CTPYKTYPH.

Komyratopu Huawei npomnoHyrOThCs KIHIIEBUM KOPUCTYBadaM B JICKIIBKOX KiIacax.
Jlo omHOTrO 3 KIJAciB HaJeXWUTh OOJAAHAHHS IJIs KammycHuX wepex. Ll mpuctpoi
BUKOPHUCTOBYIOTHCS B HEBEITMKHX MEPEKEBUX KOH(QIrypaIisx IJis piBHIB sSapa, a TaKOX
piBHIB arperariii i joctyny. HactymauM KjacoM KOMYTAaIliHHOT TEXHIKA € KOMYTaTOPH JJISI
IIEHTPIB OOpOOKHM JaHWX 1 MacmTaOHMX MepexeBux KoHdiryparid. Ille omauM THIOM
komyTtatopiB crtadHe obmamHanHas SOHO 1 SMB, mo BHKOpPHCTOBYETHCS B CTPYKTypax
cyJacHHX Oi3HecC-IIAIMPUEMCTB JUIsl opraHizaiii ehekTuBHOrO i Mano3arpaTHoro Ethernet-
JOCTYIy 3 IUPOKUAM CIIEKTPOM (YHKIIIOHATEHUX MOMJIMBOCTEH 1 MPOCTUM YIIPABIIHHSM.

PiBens moctymy

['onoBHUM mpoIlecOM Ha 1BOMY pIiBHI € MIAKIIOYEHHS OOJaJHAHHS KITI€HTa
(xomm'rotep, Wi-Fi-mapmpyTtuzaTtop) a0 Mepexi mpoBaiiepa. Tyt oOiagHaHHIM
npoBaiiziepa € KOMyTaTopH (SKIIO 1€ JIOKaJlbHAa Mepeka 1 TUIAHYEThCS MITKIIOYCHHS 3a
JOTIOMOTOI0  IPOTOBOTO  cepeqoBuiia) abo 0a3oBi crTaHImii (SKIIO  ITIKIOYCHHS
Bi1OyBaeThCs yepe3 0e3ApOTOBY cepeny). Sk mpaBuiio, AJisl OpraHizallii KEpoBaHOI Mepexi

BUKOPHCTOBYIOTh KoMyTatopu japyroro piBHa (L2), pimme - tperboro (L3). Heski
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mpoBaiiepy Ha eTrari OyJIBHUIITBA JIOKAIBHOT MEPEX1 BIIJIaIOTh MepeBary HEKEPOBAHUM
KOMYTaTOpIB, 3r0/I0M LI€ MOKE MO3HAUYUTUCS HA SKOCTI MOCIYT, 1110 HAJAt0ThCS.

Takox 7151 34€IeBAeHHS BApTOCTI MIJKIIOUYEHHS BUKOPUCTOBYIOTHCS PUCTPOI 3
MaKCUMAaJIbHOIO KUIBKICTIO (PI3MUHUX 1HTEpPeiciB 24/48. Y poiii KepoBaHUX KOMYTATOPIB
apyroro piBas qo0pe 3apekoMenayBanu cede Cisco Catalyst cepiit 2900, 3500 1 3700, ane

Oarato onepatopis BuOuparTh Eltex, SNR sk OuibIn 1ocTyIHI 32 IIHOKO.

Puc. 2.6. -komyraTtop Cisco Catalyst cepiii 2900

Komyratopu L3 Ha gaHoMy piBHI 3YCTPI4arOThCS JOCHUTH PIIKO, TaK SK BOHH
nopoxde, HDK L2, 1 iX poO3MIIIEHHS B TEXHIYHUX MPHUMIIIEHHSIX O0araTornoBepXiBOK
MOB'SI3aHO 3 IEBHUMHU pU3UMKaMu. k1o komytaropu L3 13ycTpivatoThest Ha piBHI JOCTYIY,
TO JMIIe B O00'€MHAaHHI PIBHA JOCTymy 1 piBHS arperaiii. [IpuBaTHHUM TpHKIaIOM
BUKOPHUCTaHHS € KabiHeT B odici abo Bigaul, a y BHUINAAKy 3 IpoBagepoMm -
OaraTokBapTUPHUN OyIHMHOK a00 JKUTIIOBA CEKIIisl B IIbOMY OYJIUHKY.

Bapro Bim3HauuTH, 1m0 npu OyaiBHUIITBI MEPEKi KOKEH MpoBaiaep caM BuOHUpae
ctyminb ii cermenryBanHs. Cerment mepexi, abo VLAN (Virtual Local Area Network),
703BOJIIE O0'€IHATH TPYMy KOPUCTYBAdiB B OJIHY JIOTIYHY Mepexky abo BiIOKPEMUTHU
KOXXHOTO OKpeMO. BBakaeTbcs Ayke MOTaHUM TOHOM, KOJIHM MeEpexka «IUIOCKa», TOOTO
KIII€EHTH, KOMYTaTOPH, MapIIPyTU3aTOPH 1 CEpBEPU 3HAXOIATHCS B OJHOMY JIOTTYHOMY
cermeHTi. Taka Mepexa Mae yke 6arato HeZoJiKiB. biTbI MpaBUILHUM PIMIEHHSM € TIOJTiIT
IIJI0T Mepeki Ha OLIBIN APiOHI miaMEpexi, B iAcadpHoMy BapiaHTi - Buauisatu VLAN mis
KOXXHOTO KJII€HTA.

PiBens arperartii

[TpomixkHUI pIBEHb MIXK SJIPOM MEpEXI1 1 piBHEM J0CTyny. SK nmpaBuiio, el piBeHb

peanizyetbest Ha L3-komyTaTopax, pijaiie - Ha MapiIpyTU3aTopax 4epe3 iX BUCOKY BapTiCTh
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1, 3HOBY X TaKH, OCOOJMBOCTEN €KCIulyaTalli B IPUMIIIEHHIX NEBHOro Tunmy. OCHOBHE
3aB/IaHHs 00J1aJHAHHS 3BOJUTHCS 10 00'€IHAHHS JIIHKIB BiJl KOMYTaTOpIB PiBHS AOCTYIY Ha
«MaricTpaJbHOMY» KOMYTATOP1 IO TOMOJOTI «31pKay.

Bincranb Bl KOMYTaTopiB JOCTYIY A0 KOMYTaTOpIB L€l Ipylu MOXKE AOCATATH
JIEKUIbKOX KUIOMETpiB. SIKIIO Ha piBHI JOCTYIY BUKOPUCTOBYIOTbCS L2-komyTtaropu, a
Mepeka CerMEHTOBaHa, TO Ha LIbOMY piBHI opraHizoByroThcs L3-inTepdericu mis VLAN,
MPOIKCAHUX Ha PiBHI AocTymy. Takuid miaxia 3AaTHUA TPOXU PO3BAHTAXKUTH SIAPO MEPEKI,
Tak K B I[IbOMY BUMNAJKy siApo He Mae 3anuciB npo camux VLAN i mapamerpax VLAN-
iHTepdeiiciB, a Ma€e TUTBKK MapLIPyT 10 KIHIEBOT MIAMEPEKI.

Haii6inb1 nonynspHe oOnagHaHHS, 110 BUKOPUCTOBYETHCS MPOBaepamMu st
peaiizaiii pobotu 1poro pisus, - Cisco Catalyst cepii 3750 1 3550, 3okpema WS-C3550-
24-FX-SMI.

Puc 2.7. — xomytatop Cisco Catalyst cepii 3750

OcTaHHIli OTpMMaB TMOMYJSIPHICTh 3aBASKH HAWUOUTBIIINA KUTBKOCTI ONTHYHUX
iHTepdeiiciB, alle, Ha JKallb, 3aCTapiB 1 HE BIJIMOBIIA€ CY9aCHUM BUMOTaM JI0 OYIIBHHIITBA
Mepex. Takox TOCUTh T00pe CIIPABIISIETHCA 3 3aBJAHHSIMU IILOTO PiBHSI 00aiHaHHS (hipMu
Foundry (auni Brocade), Nortel (3acrapiB), Extreme, SNR i Eltex. YcraTkyBanHs, 110
HamaeTsest Foundry / Brocade, mo3Bosisie BUKOPHCTOBYBATH II1ACi 1 CJIOTH PO3IIMPEHHS 10

HBOTO 1 HAPOITYBAaTH MPOAYKTHUBHICTH Y Mipy HEOOXITHOCTI.
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- PiBeHb agpa

SAnpo € HEBII'EMHOIO YaCTHHOO OYyb-K0i Mepexi. JlaHuil piBeHb peani3yeThCs Ha
MaplIpyTH3aTOpPax, piALIe - HA BACOKONPOAYKTUBHUX L3-koMyTaTopax (3HOBY K Taku, AJis
3MEHILEHHS BapTOCTI caMoi Mepexi.) Sk Oyno cka3zaHO paHille, B 3aJI€KHOCTI BIJ
apXITEKTYPH MEPEXKI, AIPO MOXKE «TPUMATH» CTATUYHI MapIIPyTH 200 MaTH HACTPONKHU st
JUHAMIYHOT MapUIpyTH3aLlii.

- CepBepHUI piBeHb

Peanizyerncs, ik 3p03yMiIo 3 Ha3BU, cepBepaMu Mepexi. Peanizairis Mmoxe OyTH K

Ha cepBepHUX IutaTdopmax, Tak 1 Ha cremianizoBaHoMy obnagHanHi. [10 myst cepBepHUX
wiatropM Ha ChOTOJHIIIHIA JA€Hb MPEACTABICHO PI3HUMM BHUPOOHHKAMU 1 M PI3HUMHU
BUJaMH JlileH31M, Tak camo Ak 1 OC, Ha skux OyAe mpaIfoBaTH 1€ NPOTPaMHE
3a0e3neuenns. CtanaapTHU HAO1p MpoBaiifiepa Ha IbOMY PIBHI:

«  DHCP-cepgep;

*  DNS-cepsep;

e onauH abo KiJIbKa cepBepiB AOCTYITY (B pa3i iX HEOOX1THOCTI);

»  cepsep AAA (radius abo diameter);

*  cepmep OUTIHTY;

*  ceprep 0a3 naHUX;

*  cepgep 30epiranns flow-cratuctuku 1 OUTIHrOBOI iHpOpMAIIii;

*  CcepBep MOHITOPHHTY MEPEXKI;

«  COPM,

*  mpuctpoi dpinbTparii Tpadiky;

« BRAS;

*  cepBicu po3Bar sl KOPUCTYBaviB (OMIIOHATBHO);

*  cepBepu KoHTeHTY (Taki sik Coogle Cache).

C) Jlna po3mimieHHsT BCbOTO HEOOXigHOTO oO0namaHaHHsS Oyae moTpiOHO CTidka.

Kparme kymyBatu 19 "i Takuii ke mada 3 mpo30opuMu aBepusTamMu. BiH 3aXUCTHTH CUCTEMY
BiJI TMITY, a HAJIMHUI 3aMOK BiJl HCCAHKI[IOHOBAHOT'O ITPOHUKHECHHS 1 3MiHM HAJIAINTYBaHb

pobotu cepsepa. Ilicist MOHTa)xXy KOMILIEKCY IpoBaijepa MOro HeoOXiHO HAJaTU Ha
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MepeBIpKy 1HCMEKTOpaM. 3arajbHa BapTICTh BCIX BUTpPaT Ha KYyMHIBIIO OOJaJHAHHS
NPEJICTaBICHOTO PiBHS CKiIane He Ounbire 70 1. uah.

2.1.2 Texnika GPON.,

CborogHi Ha yKpaiHCbKOMY pHUHKY HIMpoko mpexacrasiaeHi miHidkn GPON

HacTynmHuX BUpoOHuKiB: Huawei, Qtech, Bdcom, Dnrekc

EchoLife EG8145V5

TH]S aaas

EcholLife EG8145V5

Puc 2.8 — tepminan GPON EchoLife EG8145V5

EchoLife EG8145V5 - ne iHTeneKTyalbHUI ONTHYHUN MEPEKEBHI TEPMiHA THITY
ONT (mapmipytusarop) y pimenni Huawei FTTH. 3a gonomororo texuosorii GPON s
JIOMAITHIX KOPUCTYBAaYiB HATAE€ThCS HAAMUPOKOocMyroBuid goctyr. EG8145VS5 mintpumye
nBovacToTHI Aiana3onu 802.11aC 1 Mmae BUCOKOMPOIYKTHBHI MOXKJIMBOCTI Mepeaapecarii,
100 3a0e3MeunTH YyJOBUI TOCBi pobOTH 3 mociayramu ronocy, [atepuery ta Bigeo HD.
i ocobmmBocTi pobasate EG8145VS5 imeanmpbHHMM BapiaHTOM IS IIHPOKOCMYTOBOTO
JOCTYTYy.

Xapaktepuctuku GPON EchoLife EG8145V5

. [TacuBHU ONTUYHUN CIUTITTED;

. [Tommproe epegauy GPON no OHT;

. He moTpiOHO >xuBIeHHS a00 0XOJIOKEHHS,

. ITpakTnuHO HEeoOMexxenut MTBF;

. 3aranbHi po3mipu: 1X8, 1X16, 1X32, 2X32;
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binbm BHCOKI KOe(IIEHTH PO3OUTTA AO3BOJIAIOTH OTPUMYBATH OUIbIIE

ONT na ogun mopt GPON;

binbmnii KoeiieHT po30UTTS 3MEHIIYE TOCTYNHY MPONYCKHY 3/1aTHICTh

pellacuBHUI ONTUYHUI CILTITTED;

[Mommuproe nepenauy GPON no OHT,

He noTpi6HO xuBIeHHS a00 0XOJIOKEHHSI,
[IpakTruno nHeooMmexxennit MTBF;

3aranbHi po3mipu: 1X8, 1X16, 1X32, 2X32;

binbmnit koedilieHT BUKOPUCTAHHS 3MEHIIYE AOCTYHHICTh MPOIMYCKHOI

MoxksmBocTl Ha OHT ta Biactanb r OHT.

Puc 2.10. - ABroMmatuunuii 3BaproBanbHuil anapat Fujikura 80S Standard
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OnvH 3 HAWHOBITHINIMX 3BaprOBaIbHUX amapariB Bix kommanii Fujikura — 80S

3BaproBaJIbHUM amapaT Ma€ BEJMKY IIBHJKICTh 3BAPIOBAHHS 1 3pYYHOCTI BUKOPUCTAHHS.

1106 BUKOHATH pOOOTY JOCUTH MIATOTYBATH 1 YKIACTH BOJIOKHA B MPUTHUCKH, B1Ipa3y, MICs

4JO0ro aBTOMAaTU4HO 3aKpHUETHCA BiTpOBaXI/ICHa KpHIIKa, 1 arrapar mo4YHe Mmponec 3BaprOBaHHA.

VY KOMIUIEKTI 3 anapaToM mocrasisieTbesi Li-lon akymynsitopHa 6arapest emuictio 4000 MA

* rox, 3maTHa 3a0e3me4MTH, MPU MOBHOMY 3apsiai, 10 200 cBapok 3 TepMoOycaakoil 1

MOHTQXHHUM CTOJIMK, B IKOMY MOKHA HaJ[IHHO 3aKpIMUTH 3BapIOBAJIbHUMN anapar.
Ocuosni ocoomuBocti Fujikura 80S:
. 3MEHILEHHS 4Yacy MpOLECy 3BapPIOBAHHS 1 TEPMOYCAJKH 3a PaxyHOK

BUKOPHUCTaHHS OBHICTIO aBTOMAaTUYHOT IPyOKH 1 BITPO3aXUCHOI KPUIIKH;

. HOBHI KeHC ISl MEPEHECEHHs, 31 3pYYHUM MOHTXKHUM CTOJIMKOM;

. 3aXUCT BiJl BOJIOTH, MUY Ta MEXaHIYHUX MOIIKO)KEHb;

. 200 uMKIIiB 3BaprOBaHHS 1 TEPMOYCAJAKHU MPU pOOOTH BiJl AKyMYJISTOPHOI
Oatapei.

BucHoBkHM 10 po3ainy

B JIpyromy po3aiii 6akanaBpoBCchKOi kBadi(ikaiiiHoi poooT Oyinu
PO3IMIISHYTI €Tany BUOOPY TEXHIKKM MaJIOTO IHTEPHET MpoBaiaepy. bynu Bu3HaueHi i
MOPIBHSHI P13H1 TUIIM TEXHIKA MK OJIMH OJHHUM. 3 OTpaIOBaHHS OYyJI0 BUSBIEHO 110
KO’KHA OJIMHUIIS TEXHIKH Ma€e CBOI XapaKTepuUCTHKU. CyKYITHICTh ITUX XapaKTePUCTUK
Mae MoTpeOdy 3MIHIOBATUCH ITiJI CTAaHAAPTH Ta BUMOTH KOpUCTYBauiB. J{is
MPOBAMIEPIB 3 MAJIOIO KUIBKICTIO KOPUCTYBAYIB HE MA€ CECHCY 3aKyIaTH TEXHIKY
pO3paxoBaHy Ha OUTBINY KUTBKICTh KOPUCTYBAYiB HIXK BOHH 3MOXKYTh MiJKITIOUNTH,
TUM CaMUM TapHOIO MOPAJI0I0 Oy/Ie 3aKyIMUTH MEHIII SKICHY TEXHIKY PO3paxoBaHy Ha
MEHBIITY KUThKICTh KOPUCTYBAYiB sika Oyjie 3 4acOM OHOBIIIOBATHUCS. B ocHOBHOMY
I1iHa 3a 00JIaITHAHHS 3pOCTa€ MPH 30LIBIIICHI NIBUIKOCTI IIEPeaBaEMHX MPOIIECIB,
30UTBIIICH] MPOIYKTUBHOCTI KOMYTAIIil Ta BiTKa30CTIWKICTh €IEMEHTIB TEXHIKH.
BusHaueHO OCHOBHI THMU TEXHIKU MPUYACHI JJO TEXHOJIOT1H OMMUCAHUX y MEPIIOMY

PO3ILII.
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PO3/LT 3
AHAJII3 MOKPUTTS MEPEK MOBLJIBHOT'O TA JOMAIIIHLOT'O
IHTEPHETY

3.1. IloxkputTs TEpUTOPIi

[licast cTBOpEHHs BEJNMKOI KUIBKOCTI HOBUX TEXHOJOT1H J03BOJIAIOTH OYKBAaJIbHO
KOXHIN JIIOJIMHI Ha 3€MHIA KyJli BUKOPUCTOBYBATH iX, HACTAaB 4Yac NPOBAMJIEPIB MEPExX
IHTEpHETY, JAI0Th CBOi MOCTYTH KOKHOMY XTO II€ TIOTpeOye.

Benuki xomnanii — onepaTopu TeJIEKOMYHIKallid 1 cepBic-MpoBaiaepu, ycl MaroTh
BUPIIIYBATH MPOOJIEMHU MOKPUTTS TEPUTOPIi, 30UIBIICHHS MIBUJKOCTI nepenayl Tpadiky 1
HOT0 SKOCT1, MOOYAyBaIM JOCUTH BEIUKA KITBKICTh ONTUYHUX MaricTpaabHUX MEPEXK.

HaiiGinbin eheKTHBHUM 3acO00M BUPIIIIEHHS IAHOTO 3aB/IaHHS CTAJIO BIIPOBAKEHHS
cydacHoi ynockoHaneHoi TexHosorii DWDM, sika no3Bosisie 0aratopa3oBo 30LIbIIATH
IPOIYCKHY 3[aTHICTh ONTHYHOT KabenbHo1 iHppacTpykTypu. DWDM (Dense Wave Division
Multiplexing) siBiste c000I0 Cy4acHY TEXHOJIOTiIO Tepeiadi 1 YIIUIBHEHHS B OJHOMY
OINITOBOJIOKHE JIEKUIHBKOX ONTUYHUX CUTHAIIB 3 PI3HUMHU JIOBKUHAMU XBUJIb.

YcratkyBanus DWDM no3Bossie mo ogHOMY KaHaTy repeaBaTH Ha IECSITKaX 1 HaBITh
COTHAX MOBXKHMH XBHIb Tpadik pizuux mportokomiB (IP, ATM, SONET, SDH, Ethernet) 3
pizHUMHU mBUAKOCTAMH (Bim 100 M6it / ¢ mo 2,5 I'6ir / c). Haiuwacrime DWDM
3aCTOCOBYETHCS HE ISl CTBOPEHHSI HOBUX BOJIOKOHHO-OMITUYHUX MEPEXK, a I MOJIepHi3aIlil
Ta PO3IIUPEHHS ICHYIOUUX, 100 TeIEKOMYHIKAIIIITHI ONepaTopH 1 cepBic-TIpoBaiiiepyu MOTIU
ICTOTHO MIABUIIMTH PiBEHb MPOITYCKHOI 3/JaTHOCTI Ta JOCTYMHOCTI CBOiX Mepex. OmHuM 3
rOJOBHUX MOCTOTHCTB Mepek DWDM muist 6i3Hecy € mBrKa OKYIHICTh KOIITIB, BKJIAICHUX

B 1X BIIPOBAJI)KCHHS.

Kagpeopa KCM HAY 21 11 33 000 IT3
Buxkonas T'paboscokuii K.B. Jlim. | Apxyw | Apxy
. wie
Kepisnux Anopees O.B. AHC_UZB NOKpUMmMA Mepesc \% 45 68
Koo MOOILILHO20 MA OOMAUHBO20

Hopmoxonm. Kypasenv C.B. iHmep Hemy 123 KC-431F

3ae.xag. Kykoe IL.A.




3.2 PiBHi npoBaiuHIy

OCHOBHUM 3aBJaHHSIMU YCiX IHTEpHET MPOBaWJEPIB €: HAJAHHS JOCTYNy B IHTEPHET,

tenedoHito Ta uudppose TenedayeHHsA. [lo yCIX NEpeyuclIeHUuX IMOCIyr, HEOOXi1THO

noOyAyBaTH MEPEXKY, 00 3a0eceduTr JOCTYI A0 KOXKHOT.

Ceprepriai
YPOBCHE

HAapo cemn

VposeHs
HEPET WM

Yposens
HOCTYA

Puc 3.1 — Eranmonna Mojenbs mody10BU Mepexki

Pucynox mnpezactaBisie co000 e€TaNIOHYy MoJenb TMo0ynoBu Mepex. Bona

IpeCTaBICHHA y BUTJISA1 TOTOJIOTIT “mepeBo” (00’ €qHAHHS KUTBKOX TOIOJOTIH “3ipKa’)

TaKOX NPYCYTHI J0MaTKOBI 30MTKOB1 3B’s3ku. CaMe BHOIpKOBAa CHCTEMa Ma€ 3MOTY

KOMIICHCYBAaTH OJMH 3 OCHOBHHMX HEJOJIKIB Ii€i TomoJiorii (oauH By301 (BKa3iBKa)

BIUIMBAE€ BIUIMBAa€ Ha POOOTy BCiel Mepeki), ajlie KpiM IIbOr0 JOJA€ThCS BHCOKA

€HEeProeMKICTh 1 BUTpaTa Kabesto B Ba pa3u 30UIbIIyeThcss. KoMITaHii BUKOPUCTOBYIOTh

MOCWJICHHS TUTbKHM HAa HaWOLIBIT 3HAYMMI YACTHHH MEPEXKI.

Hacammepen cuig mam'astaTu, 1o 19 MOJCIb € TMPUKIAI0M MOJIETI MEPekKi SKUX €

0e3y1id, 1 BIATIOBIAHO, IPIBHEBUH MO MOYKE BIIPI3HIATHUCS BiJ] TIOKA3aHOTO BHUIIE - JICSIKI

MPUCTPOT MOKYTh OYTH BUKOPUCTAMU OJIpasy Ha JACKUTBKOX PIBHAX, a ACSIKI MOXKYTh OyTH

BIJICTYTHI B3arajii.

JlaHHa MOJIeTb CKIIAJIA€THCS 3 YOTHPHOX PiBHIB:

. PiBEHB JOCTYITY;

. piBEHB arperanii;

. PIBEHb sS1Ipa MEPEXKI;
. CEpBEPHMII PIBEHb
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3.4 Jocaig podoTr MOOLIBHOI Mepe:Ki iHTepHeT B Y KpaiHi

Y Mexax AWIUIOMHOTO MPOEKTYy Oyino MOCHIIKEHHO TEOPETUYHI MOKIUBOCTI
MPOBANUMHTY IHTEPHETY PI3HUX TEXHOJOTIH, MpoBaiiepiB Ta Jokamiid. Tak sK BOHU
MEXYIOTh OJHMH 1 BUKOPUCTOBYIOTH OJIHI TE€XHOJIOTii TO OyJI0 BHUpPILIEHHO MPOBECTH
MPAKTUYHUI EKCIEpUMEHT 1 JOCHIAUTH PI3HULIO MPOBaiepiB y MICTax Ta CeIMINax
MICbKOTro THMYy. JIJ1sl IbOro crioyaTKy HaM Tpeda AOCHIIUTH MEXI1 po3Aadl YCIX TEXHOIOT1N
K1 Oynu po3iOpani y mornepenHix pos3ainax a came: Ethernet, GPON, 3G, 4G. Ha ocHoBi
UX JaHHUX OyAyTbh MPOBEACHI MOPIBHAHHS IPOBANIEPIB Ta TEXHOIOTIH.

3.4.1 llepmuii npoBaiigep Kuiscrap

OnuH 3 HAOUTBIIMX MPOBAAEPIB HA JaHHUN Yac, 0OCAT poBaiepy 3aliMae Maiike

BCIO KpaiHy, 3a BIMHATKOM JESKHUX 30H.
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Puc. 3.2. - Tlokpurtsa Mmo6upHOTO nipoBaiaepy Kuisctap 3G

Kapra mokputTs 4iTKO Ja€ KapTHHY po3TalryBaHHb 3G BHIIOK $Ki 3HAXOIATHCS B
OCHOBHOMY Yy BEITMKHX MICTax, a TAKOXK Y JCSIKAX MICTCUKaX .

Haii6inbIie moKpUTTS MatOTh MiCTa:

- Kuis

- XapkiB
- JIsBiB

- Huinpo
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Axo Mu npuOaM3UMO KapTy NOKpUTTS KriBcbKko1 001acTi Ha cTaHe OUThII 3p03YyMLIO
10 Maibke yBech HEeHTp miaysrae mia mokputts 3G, ane cenmma KudBebkiit o6macTi He
MalTh TAKOTO CHUIBHOTO MiAKIIOYEHHS, TOMY YITKO BHUJHO IO Ha AESKUX Oaratbox

JOUISTHKaX 1HTEpHE] BIICYTHIH.

spens - . —
-~ o - ' tearch - » Q 1
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Puc. 3.3. - Tlokpurts Kuiscbkoi obnacti 3G

Mu giTko 6a4rMO MeX1 MaKeTHOI KoMyTaIlii 1 po3ymiemo 110 3G TeXHOJIOT1s Ma€ JesKi
0oOME>KEHHs, B3arajoM IO KUTbKOCTI BUIIOK. Hampuknan y ceni BopoHbHBKM KOMyTaIlis

BIIOYBA€ETHCS Y Jy’KE MaJIoMy 00CsTY.
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Puc. 3.4. — Ilokputts Mmob6inpHOTO IpoBaiaepy Kuisctap 4G
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Ha Puc. Mu 6aueMy CcylbUIbHE 3MBIHEHHSI CTaHY MOKPUTTS HABbITh HA CBBITOBBIN
kapTi. LTE TexHonoris nana 3Mory mokKputH HabaraTto OUTbLIMN 0OCST KpaiHUM HDK KHOTO
anasor 2G.

SKI0 MOAMBUTUCH HA TYX caMy KHIBCKY 0OJacTb TO CTaHE 3pO3yMUIO IO CUTHAJ

BUpIC Mailke B JBa pa3u:

A |

raf

Dari kapT ©2021 Gooale  YMOBM BUKODUCTEHKR

Puc. 3.5. — Ilokpurts Kuiscbkoi obnacti 4G

k1o cuTyaltis y HeHTp1 CUIBHO HE 3MIHUJIACh TO JJIsI CEJIMI KUiBChKOT 00J1acT1
PI3HULIS IyKe CYILITbHA.

Le moxa3ye Hackuibku TexHooris 4G noTpidHa 32 KOPIOHOM BEIMKUX MICT.

Xoya KapTa MOKpUTTS Ja€ HaMm 1H(GOPMAIIi0 PO TEOPETHYHI PAaMKH MEPEXKi, TO SKIIIO
MPUIUBUTHCS ONMKYE MH 3pO3YMIEMO IO CHTHAl KOXKHOI BHIIKHA B3aJIGKHOCTI BIJ
MOTYXHOCT1 BapbioeThes. 11100 1y moka3aT Ha MOXYTh TOMOMOTTH CIEIiadbHI MPOrpaMu
BiZICJIZIKOBYIOY1 IIIBUIKICTh KOMYTAI[IMHUX MakeTiB 1Mo curuagam(Speed Test).

Jlns 1poro ekcrepuMeHTy Oyio B3sto ABi mporpamu (Opensignal ta Speed Test Bix

Ookla)
(2)
WS

O
OPENSIGNAL

Puc. 3.7. — Ilporpamu jyisi CKaHyBaHHS IIBUIKOCTI MEPEXKI
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3 manHux B3aTHX 3 Opensignal Mu MokeMo OaYUTH HACTYITHE:

[Tpu minknroyenHi 3G Bix Kuiscrap:

Buryposminna — Byn.MasikoBebkoro Opensignal

o
®

(@) 36 29 mas 2021
I KYIVSTAR 12:36 ® o

Bos

F

3arpyska JlaTeHTHOCTb

%

Kbps Google N _(

Puc. 3.8. — Tect mBuakocti Burypopmmuna 3G

[Tpu nmigxmouyenni 4G Bin KuiscTap:

Buryposmuna — Byin.MasikoBcekoro Opensignal

«— Speed Test Results

((.’) 4G 29 man 2021
I KYIVSTAR 11:34

3arpyska Orpava JlaTeHTHOCTL

Mbp: Mbp

(O "L 2 o Try a Different Test

Test Video

Google ‘ \.—4

Puc. 3.9. — Tect mBuakocti Buryposmuna 4G

VYxe 3 nuX MOKa3HUKIB MM 0auMMO CYIUIbHY PI3HULIIO Y IMIBUIAKOCTI JTAHHUX MIK
nBoma TexHonorismu. 4G mepepuimye mBUAKICTE 3G ObuthIn HiK y 28 pa3. Jlo mporo

MOMEHTY HIBUJIKICTb MEepEeBIpsIacs y 3aKpUTOMY MPUMIILICHI.
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Kwuiscrap Kuis, O6omnons 4G Ookla:

o LTE @)

X 0

© DOWNLOAD Mbps @ UPLOAD Mbps

18,6 1,22

Ping 20ms | Jitter 6,7ms | Loss 0%

LTE Kyivstar

Puc. 3.10. — Tect mBuaxocti O00JI0OHE

Pesynbratu Speed Test Ookla Ha Teputopii 000JI0HI MOKA3yIOTh TIPIIMA CTAH MIBUAKOCTI

X04a TCpI/ITOpiH HC CHJIBHO Bi):[):[aJ'IeHa Bi,/:[ Honepengo'i. ]_Ie MOJKJIMBO YCPEC3 pO3TalllyBAHHS

BUIIKMA I1HTEpPHET Mepexi abo IHMmMX QakTopiB, AK TPOXOJKEHHS CHUTHAIY 4Yepe3

nepewkoau. Pesynbrar Tecty ['onociiBcbkoMy pailoHi, MM MOKEMO PO3YMITH 110 CUTHAI

BiJl aHTCHH JIOXOJIUTh Maike 0e3 MeperiKo 1 10 KOPUCTyBaya.

Kuiscrap Kuis, I'onociiBcskuii Pation 4G Ookla

© DOWNLOAD Mbps (@ UPLOAD Mbps

62,9 11,8

Ping 2ims | ® Jitter ims | @ Loss 0%

Puc. 3.11. — Tect mBraxocti O00I0HD

Kuisctap Onecca, 4G Ookla

() SPEEDTEST

© DOWNLOAD Mbps

700

Puc. 3.13. — Tect mBuaKocTi iHTepHETY “Onmecchka 00IacTh”’
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3.4.2 [Ipyruii nposaiinep Vodafone

Takox sBISE€TbCA OJHUM 3 HAaHOUIBLIKX MpoOBaiifiepiB B YKpaiHi Ta 3a ii Mexamu, 1e
XOPOILIUK MPUKIIAZ MIKKOHTUHETAIBHOTO TPOBANANHTY.

3G nokputTA
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Puc. 3.14. — kapra nokputts 3G Vodafone

Hapigminy Bim KuiBctap mMu 6aunmMo Ouibimuii oocsr 30H 3G TEXHOJIOTIl MOMITHO
OUTBIINHI, TAKITIOYEHHO HabaraTo OuTbIe NUISTHOK skl y KuiBcTapa Oyiu HETOCTYIIHI.

4G NOKpUTTS:
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Puc. 3.15. — kapra nokputts 4G Vodafone
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Ane mu 6auemo 1o 4G y KuiBcrapa nokpusae Outiry o0nacTe Ha 3axifHii YkpaiHi

Hix y Vodafone.
Takox MM MOXEMO MOOAYUTH PiI3HUII0 MK LTE mokpurramu

bazosi cranuii nianazony y 800 MI'1j 3ab6ecnieuytoTh IIBUAKY Mepeaady Ha BiJICTaH1
13,4 xm

(® MokpwTTa LTE 900
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Puc. 3.16. — kapra nokputts 4G LTE 900 Vodafone
Hianazon y 1800 MI'1 HaifO1bIII BUKOPUCTOBYEMHUN B YChOMY CBITI 1 € CTaHIAPTOM
s mpoBaiinepy Vodafone, BiH Mae BICOKY €MKICTh ajie MOPIBHAHO HEBEIMKHMA pajiyc 6,8

KM

(® MokpuTTa LTE 1800

0Bpe
\ Sype BopoHex
i ) Je o
K6IH Epuidln
blin
o
Cyin
TIRRK e L o
04'Pag 3 ¥ 5 Ben
o Knis : o
KngBmupset i S~ y .
1 % : Xapkis
~ ,ﬂ_bém} P 3 pure Leptdad ¥ RN,
1 ¥ 2 flofftasa™ ~ #
4 SEPHOMNINEE XMENBHNLIbKUM ' YepRatn ) oy e
T \ 2 Bitias £ )
[‘ o R ol i " gl KpBMer i<
302 KIBE bRy x T 9, 3
o T < 4Y KpalHa
s 5 ) Ko nug SIS Drinpo Jiyr *“:Cb“
et o >0 © 4
| %,pg‘au: < T <=
i D ; “Hoheubk
Kpnsgw Pir 3anopixoxs ]
6 - o Waxrn
Monpgosa/ Be
Acu W SiBont PocToB-Ha-[loHy
Knyx-Hanoka ‘: © & MMKgIl'dIE Py s Py o
Cluj-Napoca 2 ! Vienitonont L
] : KulwuHie % Yepdo o
o Chigindu' | 4 URSCE o
Tupry-Mypetu 7
Targu Mures
PymyHin
Nanau Tt
Galat; w
KpacHopap

Puc. 3.17. —Kapra mokputtst LTE 1800

53




4G nokputrta yactotu y 2600 MI(l TI'6ut/cek) Ha paHHUH MOMEHT

BUKOPUCTOBYIOTHCS TUIBKH Y BEJIMKMX MICTax Ta MEPEAMICTAX 1 1yKe PIAKOMY BUIAIKY Y

cenuniax mickkoro tTuny(Kuis, Xapkis, JIbBiB, 3axig Jonenpka i 3anopixxks) Lle o3navae

[0 ISl TEXHOJIOTig a0o JOpOro KOmTye abo Ie He AOKIHI BU3HAuYeHa sl moTpedu

KOPHUCTYBauaM.

@ MokputTa LTE 2600
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Puc. 3.18. — kapra nokputts LTE 2600

3 BepxHIX KapT MH MOXXeMoO Oauutd 1o 3a mMexxkamu CTonuill Ta BETUKHUX MICT

nepeBakae dacrora y 900 repr, y MicTaXx BEIMKOTO CKOIUICHHS JIOJIEH TOOTO MICT,

HaWOLIRII TONYJIApHOIO € yactoTa 1800 repi.

Hocmimkennst mBuakocTi (Kuie Ieuepcrkuii paiion Vodafone Ookla):

1531 @@ e CoeaAnHeHUN
& () SPEEDTEST
29.05.21, 15:28

MHOXecTBeHHOe

® CKAYATb

48 7 Euroline-Telecom
WUcnoAbayembie

AaHHble i
Mbps 54,8 MB Klev

Ukrainian Mobile Communication,

t) 3ATPY3UTb

2 é 9 UcnoAb3syembie
i Me

AaHHble
34,7 MB

CTONOAOXKXEHUE NOABL30OBATEeAR

LWup: 50,4327 Aoar: 30,5412

JITTER NoTEPS

BHyTpeHHuin_IP: 10.96.67.70
3 - BHewHun_IP: 128.124.129.13

%

Puc. 3.19. — Hocnimxenus mBuakocTti “Iledepcbkuit paiton”™
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Cenumie Mmicekoro tuny YepHiBcbka 001acTh(LTE)

14:25 o WRNOELO

CTBEeHHO®e

< () SPEEDTEST U
29.05.21, 14:24 ( Net LTD
@ CKAYATb Chernivtsi

99 8 WcnoAbayeMblie Ukrainian Mobile Comm
: §

AadHHble
Mbps 83,7 MB

@ 3ArPY3UTH BHyTpenHui_IP: 100.64.205.1

BHewHui_IP: 46.133.3.52
6 Bé HcnoabayeMmble
’

AaHHble
Mbps 9,83 MB

R

PING JTTER @ NoTEPH
MC

MC %

Puc. 3.20. — Hocnimxkenns mBuakocti y Cenuiii MiCbKOTO TUITY

” YepHiBcbka 00macts 4G

3 nMx KajpiB MU 0a4yuMO 110 00JIaCTh YEPHIBIIIB Ma€ YK€ XOPOIIl MOKAKIUKHA TUM
CaMUM MU TPUXOIUMO JO0 BUBOAY IO HABITH y CEIMINAX MICHKOTO THIY MPU TapHOMY
po3TanryBaHH1 MOKe OyTH Kpallluii CUTHAJI HIK Y IIEHTPAJIbHUX 00JIacCTsX.

Tex came cenurie MICBKOTO TUITY alie 3apa3 curnai 3G:

29.05.21, 14:33

@ CKAYATbH

2 1 7 McnoAbsyeMblie
!

AaHHble
Mbps 36,8 MB

™) 3ATPY3WUTb

2 ‘24 McnoAbsyeMblie

AdHHble
Mbps 3,56 MB

JITTER NOTEPA

U0

Puc. 3.21. — locnimxennst mBuakocti Cenuiii MiCbKOTO THITY

” YepHiBcbka 00macts” 3G

Oo6umacte 6inst YepniBiiB mae 3G Tpoxu HIDKYE HIK cepenHiil piBeHb 4G B 00macTsX.

Jly’xe BUCOKI1 MOKaKYHKHU.
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Cenuine Micbkoro Tuiry XmelbHHUIIbKA 00acTh(4G, Vodafone)

14:04 © 00KB/cR %2 © il (W 83 %

X ») SPEEDTEST Ty
© CKAYATb Mbps *) BAFPY3UTb Mbps

1650 4,30

Ping 32mc Jitter 7mc Moteps 0,0%

LTE hosEepuTt

HACKOAbKO BEPOSATHO, YTO Bbl MOPEKOMEHAYETE
UKRAINIAN MOBILE COMMUNICATION, UMC APYTY UAU
KOAAETE?

Puc. 3.22. — gocnimkeHHs MBUAKOCTI IHTEPHETY y CENUIIE MICBKOTO TUITY

“XMenpHUIBEKA 001acTh”

Tyt Mu 6aunMy nyxe He CTIMKHUI curHai 60, a0OHEHT 3HAXOIUBCS B TOM Yac B 1I0PO3i,

ajie HaBITh qcpe3 1€ IMOKAKIYNKU MAKOTh CCPCIHIO l'IpOXOI[I/IMiCTL CUTHAJY, HaBITh y CGJII/IIHi

MICBHKOTO THITY.

[poumicku, bopucmineckuii paiion - 4G, Vodafone

.l LTE 14 )

X =

© CKAYATb M6euT/ @ SATPY3UTb MéunT/c

446 10.0
v | @1

Ping 27w

Puc. 3.23. — locnimkenns mBuakocti inTepuety “Ilpomicku, bopucninbckuit paiton”

TyT nmokazanuii 4y10BUA MPUKIIA] 3MIHU SIKOCTI CUTHATY Ha OJJHOMY 1 TOMY K MICITI.
Ileit aboHeHT 3MIHMB cHTHaJ Bix mpoBaiiiepa KuiBctap Ha mposaiiaep Vodafone, tum
caMHUM TOKa3aB 110 B TomMy Micui aHTeHa KwuiBcrapy 3Haxomuthcsi Habarato Omuiie.

KuiBcTap moka3ye curHaia y jJBa pasd MBHAMMWN Ta cwibHImWA HbK Vodafone xoua

MOTIePE THI MIPUKIIAIN CKIaayBaIuch y ctopony Vodafone.
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Sk Bxe moBigomisuiocs panimre Vodafone e MikHapoaHU# mpoBaitiep, e Jae HaMm

3MOTY JI3HATHUCS PI3HULIO B TEXHOJIOTISIX a00 B CUTHAJII MIXK CEJIMILIAMHU PI3HUX KpaiH.

E Obrany

11:45AM © $ OO sl GD e S
¥ N
Speed Test Results oz
»
BRNO-SEVER m
Where did you test?
BRNO-ZIDENICE o
|
Indoor Outdoor o
Brno
374
() 4G 29 May 2021
I Vodafone CZ 11:45 BRNO-SOUTH

Download Latency o

Puc. 3.24. — mBuaKicTh IHTEpHETY ‘“‘cenuiie 611 micta Brno Ascrpis”

Sk Mu Oaunmmo, aOOHEHT BHKOPHCTOBYE TOH cammii Speed test ma mposaiimepi
Vodafone. Curnan y cepeaHbOMy HE TaKMi BHCOKHU, HaBITh MEHBIINN HIK Y JCIKHUX
JoKamissx B YKpaiHi. 3 mbOro Mu MOXeMO 3poOMTH BHBIiA 10 TexHosorii Vodafone

IMpalro0Th 34 KOPAOHOM I10 TaKHi caMBIl CXEMI.

Ceno Popice — Vodafone 4G (ABctpist)
121PMO T B ® Q OO Ll D
Speed Test Results

Popice o
Where did you test?

Indoor Outdoor ! T

hotin -

((.)) 4G 29 May 2021
I Vodafone CZ 1211

Q

Sakvice

500D O

COVERAGE

Google

Download

Puc. 3.25. — llIBunkicte inTepHeTy ceno Popice — Vodafone 4G (ABctpis)

AOOHEHT B JaHHOMY BUIAJKY MOJIOPOKYE 3 MICTa y MICTO Ha MOTA31, MU OAYMMO JOBOJII
cnabkuii curHan Ouist cena Ilomine, el HaceJeHUM MYHKT HE Ma€ PaJiOBUIIOK TOMY

CUTHAJ IyXe caaOKuit sk 11 4G MiaKITFOYeHHS.
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Ieit mpoBaiiaep Mae T

3G Ha MBUAKOCTAX 10 AEK

~oR

Ha nepumit normsan

Vodafone moxHa HaBBITH

3.4.3 Tperiii [posaiinep Lifecell:

BHUCOKOIIIBUKICHY TAaKETHY Nepeaauy nanux. BoHa 103Bojsie nmepenaBaTi JaHi o MEpexi

1 gDIEst
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oxBaty 3G. OcHOBHa MeXa po3/1adi IHTEPHETY 11 BeJIUKI MicTa Ta repeMicTs. [lopiBHAHO 3

Kapra mokpurts 4.5G

- + oDIEs R
Cooopact oy T W . Eursk Voronezh
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exHousorito 3G+, 1110 03Hayas 1110 BOHU BUKOPUCTOBYIOTH HSPA-

UIbKOX AecsATKiB MOiT 1o nyxe noope mist 3G.

Kursk Voronezh

e %

Puc. 3.26. — Kapra nokpurrs Lifecell 3G
13 Tppox mposaiigepiB Lifecell ma» mopiBHSIHO HEBEIHMKY 30HY

ckasaru 1o Lifecell oxomttoe B ABa pa3u MEHBIITY TEPUTOPIIO.

Puc. 3.27. — Kapra nmokpurts Lifecell 4.5G
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Teepmxenus «4.5G» BUKOPUCTOBYEThCS IS mo3HadeHHs crannapry LTE-Advanced
Pro, mo BimHOCcUTBCS 10 4-T0 MOKOJIHHS 3B s13Ky (4G). [ns HamaHHs mocayr 3B°s3Ky 4-
nokoiHHs TOB «wraiidcenn» BUKOPUCTOBYE paaioo0ialHaHHA sIKE BIAMOBIAAE penizam 13
ta 14 3GPP, To6T0 BUMoram cranaapty LTE-Advanced Pro. SIkmio mu Hakiaaemo IBi
TEXHOJIOT1i OJHA Ha OJIHY TO HEe MmobaueMy CYIUIbHOI PI3HUII Y KOKHOMY PErioHi, 00csr

30UTBIIMBCS ajie MOPIBHSIHO 3 IHILIMMHU MPOBANIEpaMH 30BCIM HEBICOMO

[MopiBusuus mBuakoctei Lifecell.

OPENSIGNAL

Mobile 29 May 2021
3G 20:27

Download Upload Latency

en COKOD
AT — - < i
'Bl'l@HHHn‘-ﬂ-l\qisz‘h' - 55 $

Puc 3.29. - Ceno Ocoxopku (3G)

Mu 6aunMo AOCUThH HETIOKaH1 TOKaX4YHKU 3G IHTEPHETY MIXK CUIBCHKOIO T4 MICHKOIO
CTOPOHAMH.

Mobile 29 May 2021
(('» 4G m 20:45

Download Upload Latency

Puc. 3.30. - Ceno Ocokopku (4G)
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3l D

(9 SPEEDTEST L}
© DOWNLOAD Mbps  (® UPLOAD Mbps

3.28 12.4

Ping 16ms Jitter 20ms Loss 0.3%

36 Astelit Test Again

HOW LIKELY IS IT THAT YOU WOULD RECOMMEND ASTELIT TO
A FRIEND OR COLLEAGUE?

Puc. 3.31. - Lifecell boparieka Kuis

Yepes Majry 30HY MOKPUTTS, Y ICSIKUX PallOHaX MiCTa MTOKA3YEThCS IMOTaHi pe3ysIbTaTH.

Ha inmomy Speed Test curnan BeIICYTHIN B3arajii, Ha TOMYX MiCIIi.

[Tpu mopiBHAHHI TPHOX BETUKHUX MPOBAMIEpIB KpaiHU YKpaiHu Ta 3a il MeKaMH, IMicCIIs
300py iH(opMaIlii 3 pi3HUX JOKaIiil y pi3Hui yac. MoxHa JIMTH 10 HACTYITHUX BUCHOBKIB:

- Haitoineiny 3ony mokpurts (3G) mae Vodafone;
- Haii6inbmy 30ny nokputts (4G) mae Kuiscrap;
- HaitmBuamny texnounoriro nepeaadi mae lifecell.

Mu MOXEMO 3pPO3yMITH KOKEH 3 TPhOX IIPOBaANEpiB Kpallluid 3a IHITUX JIBOX B TOMY
M HIIOMY cepeaoBHIIi. Uepes 11e MU JIi3HAIKUCS 110 ICHYE 3aJICKHICTh MIXK 30HU IIOKPHUTTS,
Ta TOTYyXHOCTi curHany.4G TtexHosoriero KueBcrap ayxke 3pydHO KOPHUCTYBATHCS Y
MaJICHBKHX MICTaX Ta CEJUIax ake y OUIBIIOCTI BUITAKAaX BOHU OyAyTh MaTH JIOCTYII J0
HUX.

KwuiBctap mae HaitOinbiny 300y 00cscy 4G ane moctynasThes ABoM iHIUM y 3G ,amke
TPUMATH OJHOYACHO JBI TEXHOJIOTIi y BEIMKOMY 00Cs31 HE Ma€ HISIKOi METH Ta JIOTIKH.
Ckopim 3a Bce 3G TEXHOJIOMIBIPID KOPHUCTYIThCS 0Oarato MalICHbKUX CENUI SIKi He
MOTPUOYIOTH BETUKOTO 1 MIBUAKOTO 00MiHY iH(poOpMaIlii Mixk co00¥0.

Vodafone mositika IpUTPUMYETHCS TYMKH 110 HE BCI KIIIEHTH TOTOB1 BIIMOBJITHCS

BiJl 3BUYHOI TEXHOJIOTII 1 BpoBakye 4G 3 MEHBIOIO MIBUAKBICTIO HIXK KuiBcTap.
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Lifecell mocynastecst 000M mepepaxoBaHUM IMpoBaiiiepaM y 30HbI IOKPUTTS, ajie BiH

Mae kpaity TexHonorito 3G ta 4G. Tum camMuM NPUTPUMYIOYUCH MOJITUKH a0OHAHETIB Y

BEJIUKUX KUIIUX MICTaX.

3.4.4 GPON nokpurts

Ha panHmii 4yac pesiki mpoBaiijiepd B)XE€ TOYMHAIOTH BUKOPUCTOBYBATH ii Yy
aboHEeHTIB.. Jlo aboHEHTy MpsAMO B KBapTHUpYy ab0 MNpUBATHUN OYIWHOK 3BOAUTHCS
ONTOBOJIOKOHHUI Ka0elb, CTABUTHCS ONTUYHA po3eTKa 1 niakiatodaeTbest GPON-Tepminan -
ONT, sikuit B HapoJi 3a3BHYail Ha3uBarOTh «onTUYHUN poyTtep». ONT mae ¢yHkioHan
MOBHOI[IHHOTO pOYyTepa, 3 MOMKIUBICTIO MIAKIIOYEHHS

Vega o6pana GPON s nmpoBeneHHs: MaciTabHOI MOJEpHI3allii KOMITaHii — 3aMiHU
MIZHUX Mepex Ha onTuyHi. Jlo aGOHEHTy mpsMo B KBapTHpPy ab0 MPUBATHUN OYIUHOK
3BOJIUTHCS ONTOBOJIOKOHHMM Ka0esb, CTABUTHCS ONTUYHA po3eTKa 1 migkmtodaeTbes GPON-
tepminan - ONT, skuil B Hapojl 3a3BUYail HA3MBaIOTh «oNTUYHUN poyTep». ONT mae

(yHKI[I0HAJ TOBHOI[IHHOTO POYTEPA, 3 MOKIUBICTIO IMiIKJIFOUECHHS

. JoMaIHboro [HTepHery;
. WiFi;
. 1udpoBoro iHTepakTUBHOrO TesebadeHHs (B Tomy uucii HD 1 4-K konTeHT);
. CHUCTEMH BIJICOCTIOCTEPEIKCHHS Ta 1H.
,.7,"'/ 5 ; = 72’:

Lukianivska ,
Nyk'AHIBCbKA

Poshtova ploshcha
MowTosa nnowa

Park Landscape Alley

" Ryban Bc o // (9 ‘n\«q Ay ik /%@m
3 - a's Cathedral iendst f <,
(Ve a's Cathedra Friendship of S 4
odifickkuit cobop > Nations Arch %

Q .
(o & ApKa APYX6# Hapoaie

Jepe K3
Vo ks
Pe; o _ Zoloti Vorota | Yo
“-”Wch,,/‘ve Q 3o0noTi BOpOTa o
~ L)
hylia St. Volodymyr's Khreshchatyk v 1
L t Cathedral Teatraina il Gorodetsky Hous¢
Wit TeatpanbHa pewarmk Byaurox lNopoaevibkor
n B
Bessarabsky Market
B beccapabebkuil prHOK LYPKY
« Vokzalna @ Tolsgop JIUNKW
BokaanbHa 22
Vokzal Pl‘»"de”f"}/,\f‘ %, Ploscha Lva Tolstoho A MPnl:its Sportu
Boksan lMisaexnnin %, Mnowa Nesa Tonctoro Manauy Cnopry
I‘,\ ),
— el C

Puc. 3.33. - Kapra nokputtst GPON VEGA Kuis
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Hns miei Ttexnonorii VEGA mnpoBuna nume 4 pailionun 3 Byn.OOcepBatopHa 10
ByJ.ITonTaBcbka

He 3Baxatoun Ha te mo GPON texHounoris nis npoBaiiiepiB BUTIAHIIIA, MU 0a4HMO
10 BOHA JIyK€ PIAKO BUKOPUCTOBYETHCS aJ)Ke BOHA MOTPeOye BUKOPUCTAHHS CHEIiadbHOT

3BapyBaJbHOT TEXHIKU Yepe3 sIKy BUKOHATHU BIJIaryBajbHy poOOTY IIBHUJIKO HE BUMIE.

Q

Al Sal Qz‘\u&quk

Q) e

v
Baking supply =Y
Clothes from Europe ki = "%
0Opgr 3 €sponi v

i
°9..9"
Privatbar®
¢ 3 o Bt ¥ [
a b a B MATA3HH ODLNUMQ a
PrivatBank Branch Kinoteatr Rodyrmo b Mapie: EVA
Biainenns Npusa banky Kinotearp Poguia T
‘ Market o
a Vu o .540 0 od
Nova Poshta #98 Pryvozng
Hosa Mourrs WQ TS Ogtriv ()
9 2
a ospital N21 Novog, a
8 g o o
=] Od
esa-Holovna =]
M Kopivka € Bt e

Puc. 3.34. - Kapra nokpurrs Ognecca

Y VEGA npogaitnepa GPON TexHOIOT1s1 BAKOPUCTOBYITHCS JHIIIE y 1BOX MicTax Kui
ta Onecca. Koxxae micto Hamiaye He Oinbiie HK 105 OyIMHKIB BBEICHUX Y €KCILUTyaTalliio
10 1i€1 TeXHOJIOr11.

Yepes Taki yMOBU Ha JaHHUUA MOMEHT BHKOPHUCTOBYBAaTH TEXHOJOTIi Oyap 1€ a 4e
ripmie 'y cenum@ax Micbkoro Ttumy € HemoxiuBuM. llposaiimep VEGA tpumae 1o
TEXHOJIOTII0 Y CTaH1 BUMTPOOYBaHHD Mepe]] MTOBHUM BUKOPUCTAHHSIM.

Ha moro Jlymxy texnomnoris GPON miaxoauTs sSkHaliKpale 10 4YacCHUX OyaiBenb SKi
MOXYTh OyTH JAJIEKO BiJl OCHOBHUX BHIIIOK PO3MOBCIOpKeHHS Ethernet. Ile Bckopimomy
gaci MOXe CTaTH JyKe HemoraHuM BuOipom it CenuI MiCbKOTO THUITY.

AJe 1151 TEXHOJIOTIsl Ma€ CBOT HEIOJIIKH TaKi K CKJIAIHICTh Y HAJIATOJKEH1, TOMY BOHA
HE CHJIBHO MIAXOIUTH IS BEIMKHX METarojiciB ¢ BUJIMKOIO KUIBKICTBIO KaOemiB sKi
MOXXYTb BIXOJIMTH 3 JIaJTy KOJIA 33aMaHEThCS.

Ethernet migxknroueHus
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[Tinkmrouenns yepes Ethernet mopt gae 3mory nokanpHOI nepenadi JaHHKUX, [0 B pa3u
NPUIIBH/IIIYE SKICTh CUTHATY BiJ JpKepana no npuitmada. Yepes Ethernet mopt mu
OTPIMYEMO MpsIME MIAKIIOYEHHS 110 HAJa€ 3MOTY BUKOHYBATH PO3MOBCIOIKEHHS TaHHUX

o 11'01t/cek.

Mobile
D unknown ﬂﬁl Computer
dh R \ unknown
@ ® dhcp
| Computer
1N =, G @ @ unknown
RN ) dhep
‘.\‘ - 0 /\ ------
7 Study Computer
ISP router / modem P AU;’)/;X’”—J(. P
“,"'{(”O‘f“v' di\cp
/r-‘
T Laptop Networkprinter
unknown B unknown brand
dhcp ! 192.168.1.200

A

Puc. 3.35. — Cxema jgoMaiiHboi Mepexi

Lle HaiimpocTima cxeMa JJAOMaIlHBOT Mepexki, Ky BH MOXETe MaTH. Y Hac €
MapIIpyTU3aTop 13 BOYIOBAaHUM MOJIEMOM Ta TOYKOIO JOCTYNY, SIKMM MU OTpUMAH Bl
cBoro mnpoBainepa (IHTepHer-mpoBaiinepa). 3a3BuYail Taki TUINM MapHIPyTHU3ATOPIB
J03BOJISIIOTH MIJKJIIOYATH 0 YOTHPHOX IPHCTPOIB 3a gomomoror mepexesoro (UTP)
Ka0erto.

[Tpukiianu mHTyBaHHS IHTEpHET TpadiKy:

SHARE (¢ S Result ID 11499606176 7) RESULTS SETTINGS

® PING m ©® DOWNLOAD Mbp 7) UPLOAD Mbps

1684 5017

Connections
HOW DOES YOUR NETWORK AVAILABILITY

COMPARE WITH YOUR EXPECTATIONS?

Domonet
1 2 3 4 5

Kyivstar

Puc. 3.36. - Ethernet Bix Kuictap
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[Mepmmm npuknagom Buctymae mepexxka Ethernet sim Kwuiscrap, Curnan iige 3

Mmapmpytusatopa Xiaomi Mi Router AX1800. ITpu Tapudromy miani B 100 Mroit/cex Mu

O0auemMy 3HMIKEHY SKICTb CUTHAIIY aJ{K€ L€ CUTHaI Mepeaae MaplipyTHU3aTop SKUH HOoro

pOSFaJ'Iy}KYG.TI/IM CaMUM MU MMPUITYCKAEMO IO CUTHAJI HA XOCT1

[Tpukitaz TokaapHOrO MiAKII0YeHHS yepe3 mopt Ethernet.

(¥) RESULTS SETTINGS

© DOWNLOAD Mbps (*) UPLOAD Mt

89.51 94.58

,,\ Connections
HOW DOES YOUR NETWORK AVAILABILITY

COMPARE WITH YOUR EXPECTATIONS?
., Domonet

Kyivstar

Puc. 3.37. - Ethernet Bix Kuiscrap (Local)

Mu GauyrMo 110 MIBIAKICTH Bpa3W MIABUINMIIACS, II€ O3HAYA€ IO CUTHA TEpecTae

3aJIeKUTH BiJ] XapaKTEPUCTUX MAPUIPYTU3ATOpa 1 i/ie HarpsiMy J0 XOCTY.

Jpyruii mpuKIIam miaKIrouYeHHs 3 00MeXeHHUM TpadikoM:

WiFi nigkimrodeHHs

© CKAYATb Mbps ) 3ArPY3UTb Mbps

2861 465k

5 CoepvHeHus

LAMBDA LLC [IPYTY WU KOMNETE?

[ HAUATL g ) Domonet

LAMBDA LLC

Puc. 3.38. - Lifecell

HACKOJIbKO BEPOATHO, YTO Bbl MOPEKOMEHAYETE
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® PING ms @© CKAYATL Mbps @ 3ATPY3UTL Mbps

;| CoepvHeHus
? HACKOIBbKO CIY)KBA MOAJEPXKKA LAMBDA LLC
COOTBETCTBYET BALLMM OXVUAHUAM?

[ HAYATL | (@) Lanet Network Ltd

LAMBDA LLC

Puc. 3.39. — Lifecell(Local, Ethernet port)

Ocnoruuii mwiroc ethernet i te o #oro Biapizuse Bix GPON € nmpocToTa y yCTaHOBIII
1 HaJTamTyBaHH1. MU Moe y J1I00Mii MOMEHT Yacy 3MIHUTH THUI po3Jadi curaany. MigHui
JPIT € JOCTaTHhO THYYKUM Ta CTIMKUM Yy OPIBHSIHHI 3 IHIIUMU MaTepianamu. Tomy
ka0eJlb BUTA Mapa BIKOPUCTOBYETHCS y CUCTaMax 3 BEIUKUM 00csrom sroaen (CKutiosi
OynuHkd, odicH1 OyaiBIIl, BETUKI LIEHTPH).

Aue y camiii cuctemi Ethernet icHyroTh He0JTiKH, Taki K BUCOKA 3aTPATHICTh HA MEPEXKi
y OYIIBIIAX aJKe KOMYTaTOp CTaBUTHCS HA KOXKHY JUISTHKY. Takox iCHY€ CKIIaJIHICTh Yy
oOMexeHHOMY (PI3MYHOMY JIOCTYM (IOPTH Y KIMHATaX MOTPUOYIOTh 3JIMIIIATUCH Ha
MICIII, CaM€ TOMY y YaCHUX OyJMHKaX Ta celiax 1€ 0CTaTHbo npobiaematuyHo. [lle
OJIHUM HEJIOJIIKOM BHUCTYTIA€ 30UTBIICHHS IPOIYCKHOT 3JaTHOCTI, aJl’Ke SKILO KOPUCTYyBay
a0o0 mpoBaiiiep NPeaANTPUMYTh il 110 30UIBIIESHIO 3JaTHOCTI, €IUHUM BHUXOJIOM OyJ1e
3aMiHa KaOes.

BucHoBoxu 10 po3ainy

B tpetboMy po3aini 6akamaBpoBCchKoi kBaiikamiitHoi poOoTH OyJI0 IpoBeaCHE
JOCIIHKEHHS] poOOTH MOOUTHHX Ta JIOMAIITHIX MEPEXK TPhOX HANOIIBIINK MpOBaIEPiB.
3a yac gocniKeHHs Oyiu B3STi JaHHI TPO MTOKPUTTS Pi3HUX TEXHOJIOT1 KOKHOTO
MpoBaiiiepy Ha TepuTopii YKpainu Ta 3a i Mmexkamu. 310pano iHdopmaIlito mpo cTaH
IHTEpHETY 3 BEJIMKUX MICT 00JJACHUX PETIOHIB Ta CENHUII MICbKOTo THITy YKpainu. [Tig
qac nociiny Oyso BHSBICHHO IO KOKEH MPOBaiiiep Ma€e CBO1 ClIa0Ki Ta CUIIbHI CTOPOHH,
MOTYXHICTh CUTHAITY 1 IHTEPHETY, y MOOLTHHUX MEpexKax, 3aJICKUTh BiJl AUCTAHIIIT 10
HaWOIMXK901 cTaHIlil iHTepHeTY. JloMalTHii IHTepHET TaK0XK 3aJICKUTh BiJT JIOKAIIii,
0COOJIMBO SIKIIO TEXHOJIOTIA sIKa BAKOPUCTOBYETHCS B TpoBaiiAuHTy HoBa. [licis ycix
JOCHIIIB 3 IOMAIIIHIM iHTepHETOM 1 mopiBHsAHHSAM TexHoyiori GPON i Ethernet, s miitiron

BHCHOBKY IO JIJIsl CEJIUILl MICHbKOTO TUITY KpaliuM BUOOpoM Oyzie caMe TeXHOJIOT1s

GPON.
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BUCHOBKH
VY naHomy IUIMIIOMHOMY MPOEKT1 pO3pO0JIEHO KOMIUIEKC alapaTHUX Ta MPOrpPaMHUX

3aco01B JJIsi CTBOPEHHSI MPOBAMAMHIOBOI KOMMAaHIi B CEJIMINI MICBKOTO Il OpraHizarii
JIOCTYITY HaceJIeHHsI 10 Mepexki [HTepHeT, Ta HaJlaHHsI CYIyTHIX MOCIIYT.

B nepmomy po3aini 6akanaBpoBChKOi KBasliikaiiiftHoi poOoTH Oynu:

- OIMCAaHI1 P13H1 ACHIEKTU TEXHOJOT1H MPOBAACHTY IHTEPHETY,

- 3BEpPHEHO yBary Ha CTPYKTYpY IHTEPHETY Ta BUILJICHHO OCHOBHI ii aCTIEKTH.
- 3BEpHEHO yBary Ha TE€XHOJOT1I0 TPAHCISIT MEpeXKEeBUX aJIpecc.

- Po3ristHyTHii OCHOBHUIN MPOTOKOJ YNpPaBIiHHA Mepefadyero JaHHUX Ta MOPIBHAHO
JIBa OCHOBHHX aJIPECHUX IPOTOKOJIU.

- OnucaHo B3a€MOJIII0 TEXHOJIOT1H Ha (I3MYHOMY Ta KaHAJbHOMY PIBHIX MEPEKEBOi
Mojielll B3aeMO/(ii. BuBUEH1 OCHOBHI IPUHIIUIIN KOMYTAaIlil Ta MapIIpyTH3aIlii.

B [dpyromy po3aini 6akanaBpoBChKOi kBamidikaiiitHoi poOoTu:
- bynu po3risiHyTI €Tanu BUOOPY TEXHIKM MaJOro IHTEpHET MpOoBalepy.
- bynu Bu3Ha4deH1 1 TOPIBHSAHI Pi3HI TUIHM TEXHIKU MK OJIUH OJHUM.
- Bynu Bu3HadeHi 1 HOPIBHSHI Pi3HI TUITH TEXHIKA MK OJUH OJTHUM

B tpetboMy po3aiii 6akanaBpoBCchKOi KBamiikamiitHOT poOOTH

- OyJo mpoBejieHe JOCTIKEHHS POOOTH MOOLTHUX Ta JIOMAIIIHIX MEPEkK TPHOX
HaWOLIBIITUK MPOBAMIEPIB.

- 3a 4ac JocHipKeHHs OyiH B34T1 JaHHI PO MOKPUTTS PI3HUX TEXHOJIOT1H KOKHOTO
nmpoBaiifiepy Ha TepuTopii YKpaiHnu Ta 3a ii MexaMu.

ITix gac 1iei TUIIIIOMHOT POOOTH MOPIBHIHO JIBI TEXHOJIOT1T MEPEK1 IPOBAHIUHTY
IHTEpHETY, OyJI0 BU3HAYEHO 110 3 OOKY MpoBaiiepa HaWKpaI[ow TEXHOJIOTIE0
JIOMAIIHBOTO IHTEPHETY, JUIsl BUKOPUCTAHHS y CETUIIaX MICHKOTO THITY, BUCTYTIA€
TEXHOJIOT1s1 MacuBHUX onTHYHUX Mepexk GPON, mis 1 moOynoBu Mepexa morpedye
JIEKITbKa ONTOBOJIOKOHHUX PO3TATYKYIOUiB(B 3aJIEKHOCTI BiI 00CATY MEpexi Ta
HACEJICHHOTO MyHKTY), CepBep Ha MOTYyxHii mnatdopmi, Tepminan GPON (s nanHOTO
npoekty OyB oopannuii EchoLife EG8145V5) Ta ABromMaTHUHUI 3BapIOBaIbHUI armapaT
(s poro mpoekTy Bukopuctanuit Fujikura 80S Standard). 3 6oky kopucTyBava THII
TEXHOJIOT1i He Ma€ BEJIMKO1 Pi3HUII, aJpKe P 3aBAaHHI TIepeiadi IHTEpHETY 00uaBi
TEXHOJIOTI{ CITPaBISIOTHCS 3 TTOCTABJICHOIO 3a7a49€T0.
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