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TPAHCIIOPTHA MEPEKA HA BA3I OBJIAJTHAHHSA SIEMENS
INJIAT®OPMMH SURPASS hiT 7070

OcHoBHe 3acrocyBanHs SDH 3 mMomeHTy il mosiBu — moOymoBa
TPAHCIIOPTHUX MeEpex I nepenadi HudpoBUX MOTOKIB. 3 PO3BUTKOM
KOMI'IOTEpHUX Mepexk, [HTepHeTy, TexHonorii nepenadi naanx (FR, ATM
1 T.11.) iHQPaCTPyKTypy TpaHCHOPTHUX Mepexk Ha ocHOBI SDH Bce vacTime
3aCTOCOBYIOTH JJIsl OpraHizamii [U(PpOBUX KaHAIIB MEPEXK Mepeaadi JaHuX
(tobto  OymyroTh HakmameHi Mepexi moBepx SDH). Hemomixu
BHKOpHUCTaHHS «KiacnaHoro» SDH mis mepenmadi qaHuX HaHOUIBIT TOCTPO
CTaJi MPOSBISATUCA NPU HEOOXiTHOCTI HaJaHHs LIMPOKOCMYTOBHX MOCTYT
3B'A3KY JIOKAJIILHUX MEpexk. AJle € 1 O1IbII BaroMi OOMeXeHHSI, TakKi SK:

- Mana Bapiartiss MOKJIMBHX IIBHIKOCTEH Tepenadi NaHUX, IO

3HaYHO OOMEXKYIOTh MOJMJIMBOCTI e()EeKTHBHOTO HaJlaHHS
MOCITYT.

- OOom’si3koBe  meperBopeHHs  iHTepdeiicie  Ethernet g0

inTepdeiiie SDH.

Just momonmanHs nux oOMexxenb, SDH o6mamHaHHS MIIUIM 110
Xy ctBopeHHst cucteM SDH HactymHoro mokoninas (Next Generation
SDH, NG SDH). YcrarkyBanas NG SDH wmae inTerpoBaHi iHTepdeticu
nepenadi  gaHux (3okpema, FEthernet), a TakoX BHUKOPHCTOBYE HOBI
TEXHOJIOT11, K1 JO3BOJISAIOTH OiNbII €(peKTUBHO BUAUISATH HEOOXITHY CMYTY
IS CITy>kO JaHwX 1 3a0e3ledyBaTH HU3BKY BapTiCTh BIPOBAKCHHS ITHX
TEXHOJNOTIH y BXKE ICHYIOWI MEpexi, TaKk $K MATPUMKa JOJATKOBOI
($YHKLIOHANBEHOCTI MOTPIOHO TUIBKK HAa TPAHUYHUX BY3JIaX MEPEXi.

Cucremn SDH HacTynHOro mnokousiHHS - OaratodyHKIiOHaJIBHI
MYJIBTICEPBICHHE IIATGOPMH, 0 HATAIOTh 03714 MOCIyT 6€3 JOpoXKHEedi 1
CKJIaHOCTI HAKJIaJeHUX MepeK. B MoeMmy mpoekti OyayTh pPO3TISHYTI
npuHounu  nodymoBn SDH TpancmoptHMX Mepex. Takox OynmyTh
PO3TISHYTI THUTAaHHSA MIOJAO PEKOHCTPYKIi Ta MOJepHi3alii MiCIeBOro
IUISTHKM ~ MEPEeXi  PerioHaJibHOTO — OmepaTopa, W0 HAJae TOCIYyTH
Tene(OHHOrO 3B'SI3KY 1 MOCIYT.

Yomy came Siemens SURPASS hiT 7070

Is mmaTdopMa gae MOKIUBICTh THYYKOCTI TTAKETHOI KOMYTAITii Ta
nepenady Ethernet, mpairoroun 3 HamiliHicTiO, 1m0 BiactuBa SDH. Pizwi
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MEpEeKEBl €IeMEHTH 00'€THaHI 1 CyMIIeHI B €IMHUNA KOMITAKTHHM OJIOK.
EdexTuBHICTS TaKOTO MiIX0AY, Pa30M 3 MIUPOKAM BUKOPHUCTAHHIM BHCOKO
iHTerpoBaHuX KOMIoHeHTiB, 7o3Boisie SURPASS hiT 70 series, nomortucs
OiNIbII HU3BKHUX BUTPAT Y MOPIBHSIHHI 3 iICHYIOUHMH PilICHHAMHU.

st mocTiitHO 3pocTarodoro cepemoBuia iHdopmariii 3 6e3miudio
MoCIyr HeoOXifHa enuHa eQekTuBHA MargopMa, 3  XOPOIIUM
MacmTa0yBaHHSM, IIO Ma€ MOMXJIHBICTH M OOpPOOKH IYIIbCYHOHOTO
makeTHoro  Tpadiky — TUTFOC  TpamuIiiiHWiA  BY3bKOCMYTOBHHA i
HIMPOKOCMYToBHH Tpadik. Sk HacTymHe mokomiHHs 10-riradiTHUX cHCTEM
SDH, SURPASS hiT 7070, npamtoe 3 TDM i marpuiiero NakeTHOi
KOMYTaIlii, 0 € KIIY0BUM (pakTopom, IO BiApi3HSAE HOTO BiJl iCHYIOUOTO
oOmagnanns SDHL.
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AHAJII3 MOJEJIEA PO3IOBCIOKEHHSA PAJIOXBWUJIb B
NPUMIINEHHAX J1JIS MOAEJIFOBAHHS KAHAJIY IOBIYHUX
EJIJEKTPOMAT'HITHUX BUITPOMIHIOBAHb TA HABEJIEHb

He icuye enunol 3araJbHONPUHHATOI MOJENI OOYMCICHHS MO B
MpuMinieHHi. PexkoMmeHmamii pi3HMX HaIliOHAJBHUX Ta MIKHAPOTHUX
oprasizaiiii CyTTeBOo He chiBnagawoTh. CKIATHICTH BUOOPY MO
MOUIMPEHHSI  PaJiOCHTHATy Ta CTPYKTYpH TOJNS  YCKJIaJHIOETHCS
TPYAHOLAMH IPAKTUYHOI'O BU3HAYECHHS PEaIbHUX [1apaMeTPiB MOJEII.

3a3Buuait Momem Uil MPUMIIICHb MIIATh HAa Bl BETHKI TPYIIH:
eMmmipuyHi 1 getepminoBadi. [lepmi HaOynu HaWOINBIIOrO MOIIUPEHHS,
3pY4Hi K AN OLIHOK TOTY)KHOCTI CHTHaldy B NPHUMILICHHI, Tak 1 Ui
MPOTHO3YBaHHS MIHIMAJPHUX 1 MaKCUMAaJbHUX PIiBHIB MOTYXHOCTI TpH
moOynoBi cucteM 3B's3Ky. [pyri 3a3Bu4ail BUKOPHCTOBYIOTH y BHIJISL
MAaKeTiB MPHUKIAJHUX MPOTrpaM il BUBYCHHS MapaMeTpiB 3aleXKHHUX Bix
qacy.

Jdns  cyyacHMX CHCTEM MEpIIOYeproBO  CTOITh  3aBIaHHS
JOCII/DKEHHsI  3aracaHHs CHUTHAIy OJHOYacHO 330BHI 1 BCepenuHi
MPUMIIIEHb.

Hanpuknan, npuctpif mpociyXxOBYBaHHS 3HAaXOAWUTHCS 330BHI, a
3aKJaJHUi MPUCTPiM - BcepeauHi NpuMilleHHs. [Ipu MopaenroBaHHI Clifg
BpPaxoBYBaTH IOAATKOBI BTpaTH CUTHAIIy uYepe3 Mepexil CUrHaily 330BHi
BCEepeANHY MIPUMIIICHHS 1 HaBITaKH.

B sixocTi Mofeni I OMHCy 3aracaHHs CUTHAITY MK MPUMIIIEHHSIM
1 BIIKPUTUM TPOCTOPOM (T03a-BCEPEAMHI MPUMIIIEHb) BAPTO PO3MISTHYTH
(puc.1.) Bimommii miaxig. 31 3MiHAMH IF0 MOJENb B SKOCTI OfHiel i3
CKJIaJIOBUX MOXKHA BUKOPUCTATH B MOJICIIIOBaHHI KaHaly 3arpo3 3a
paxyHOK MOOIYHUX eIEKTPOMArHiTHUX BUIPOMiHIOBaHb Ta HABE/ICHb.
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Puc. 1. 'eomMeTpriHa MO/IENb TOMIKMPEHHS CUTHANIB MK IPUMIILIEHHAM 1
BiIKPUTUM MIPOCTOPOM

Ilicns mpoBeneHHS NETANBHOTO aHalli3y MaHuX Mojeliel OyIio
Bu3HayeHo, mo mozdeni Xara 1 COST 231 Multi-Wall Model € HaioiibImn
YHIBEpCaJIbHUMH 1 MOXKYTh OyTH BUKOPUCTAaHI AJIsl OIUCY MOJEN 3arpos.

OCKIJIbKY 3JI0BMUCHUK MOJKE 3HAXOJUTHChH B IIPUMIIICHHI, 8 TAKOXK
330BHI, JJISl BU3HAYEHHS MOJEN 3arpo3 CIIiJi CTBOPUTH HACTYIHI CIeHapii
PO3MOBCIOKEHHSI €lIEKTPOMArHITHUX XBHJIb:

. 30BHIIIHBO — 30BHIIIHIT;
. BHYTPILlIHBO — 30BHIIIHIH;
. BHYTPILIIHBO — BHYTPIIIHIH.

Ilpu BU3HAUEHHI BTpaT CHTHATY y TATO31 1 CTiHAX
BUKOPUCTOBYIOTh (piKCOBaHE 3HAYCHHS MAJS BCHOTO [iala3oHy 4YacToT.
Brpatu Mix cyMi>KHUMHU TOBepXaMu € (ikCOBaHUM, a BTpaTH y cTiHi Lowi
3aJIeXaTh BiJ] THITY CTiHH, a HE BiJl 9aCTOTH.

Ane Oyno BCTAaHOBJICHO, IO 3HAYCHHS CHUJIBLHO 3alieXkaTh Bif
YacTOTH, TOMY OyJI0O BHPILICHO CTBOPUTH METOJHMKY MOJepHi3auii Moxeni
JUIsl OOUMCIICHHS BUILEHABECHUX MTapaMeTpiB.
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BU3HAYEHHS KOHTPOJILOBAHOI 30HU KAHAJTY BUTOKY
3A PAXYHOK IHOBIYHHUX EJJEKTPOMATI'HITHUX
BUITPOMIHIOBAHBb TA HABE/IEHb

[Iupoke BUKOPUCTAHHS KOMIT'IOTEPHUX TEXHOJIOTIH B CHCTEMax
00pOOKH MaHWX MPHBENO JI0 3arOCTPEHHS MPOOJIeMHU 3aXUCTy iH(opmartii
BiJl HECAHKIIIOHOBAHOTO AOCTYMy. 3axucT iH(opmamii B KOMI'IOTEPHUX
chucTeMax Mae psa crequdiyHux ocoONMMBOCTEH, MOB'SI3aHUX 3 TUM, IO
iHboOpMaIlis He JKOPCTKO TOB'sS3aHA 3 HOCIEM, i MOKe OyTH CKOIiOBaHa i
TepeIana Mmo KaHaiax 3B'S3Ky.

Texniuni 3acobu 0o0poOku iHpopmalii, siki B mpomeci poOOTH
3MIACHIOITh 1i  00poOKy, 30epiraHHs 1 mepemady, TEHEPYIOTh
CIEKTPOMArHIiTHI ~ BHIIPOMIHIOBaHHS, SKi €  TOOIYHUMH, TOOTO
Mapa3suTHUMU. TakuM YWHOM, B pe3ysIbTaTi HeNMiHIHHUX MPOLEeciB B OJI0Kax
TEXHIYHOro 00JIalHaHHS TeHEPYIOTHCS 1 BUIPOMIHIOIOTBCS B HABKOJIMIIHIN
MpOoCTip TOOIYHI  €JeKTPOMArHiTHI BHUIPOMIHIOBaHHA 1 HaBeJCHHS
(ITEMBH), piBeHp sKkux Moxe OyTH JOCTaTHIM JUIsi TOpUHOMY
pajiocUrHally Ha TIEBHIM BIJCTaHI BiJ TEeXHIYHUX 3aco0iB. Orxe,
aKTyaJIbHUM CTa€ NMUTaHHS BU3HAUCHHS ONTUMAaJIbHOT MOJETII OIHUCY 3arpo3
gepe3 kaHan BUTOKy IIEMBH, a Tako po3Mip KOHTpOJIHOBAHOI 30HH, B
MEKax K0T KOHTPOJIOIOTHCS HasBHICTh CTOPOHHIX OCi0 1 HeCaHKIIIOHOBaHE
nepeOyBaHHs B 00'€KTi, 1 MOXJIHMBICTh BHUKOPHCTaHHS PO3BiTyBajbHOTO
obmagHaHHsA, TOMY IO B Iif 30HI ICHY€ WMOBIPHICTH ITEPEXOIUICHHS
iHpOopMarii.

KontponboBany 30oHy Oyino moOynoBaHoO sl  HACTYNHOTO
npumienas. Kopmnyc m’stumnoBepxoBuid, OJ04HO-IIAHENBHUH, BHCOTa
KO’KHOTO TIOBEPXY 3 YPaxyBaHHSIM MIKIIOBEPXOBHX MEPEKPHUTTIB — 4 M.

B sKkocti mkepena BUNPOMIHIOBAaHHS BUKOPHCTOBYEMO 3aKJIaJHUH
MPUCTPIA pamioMikpodOoH 3 MiABHINEHOK 4YyTiuBicTIO MP2, a B sxocti
TpUaJly BUSBIICHHS paJioBUNIpOMiHIOBaHb BHKopucTaemo AKOP-1. 3a
OTpUMaHMMHU  pe3yjbTaTaMd  IpuBeAeMO  TpadiuHe  300pakeHHS
KOHTPOJIbOBAHOI 30HMU.
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Puc.1. KonrponboBaHa 30Ha 32 40THpMa HapsSIMaMU

OTxe curHai MoXke OyTH 3a(iKCOBaHHN y MeXax:
*IIepIIni HaNpsIMOK — 24mM;
*Ipyruil HanpsMok — 10M;
*TpeTiil HanpaMoK — 10M;
*yeTBEPTUI HANPSMOK — 8,5M .
Taxoxx Oyno BHpIIIEHO pO3pOOHUTH BIIACHE MPOTpPaMHE 3a0e3MeueHHs,
gKe, MO-TiepIlle, BpaxoBy€ MoOAepHi3oBaHy Mojens Xara i COST-231
MWM, a TakoX Mpamioe 3a Pi3HUMH CICHAPiSIMH PO3MOBCIOKEHHS —

BHYTPIITHbO-BHY TPIllIHiH, BHYTPIIITHHO-30BHIMITHIH.

BasaWa KiMHaTa | BexTopM  — m] X

Puc.2. [lpukitag BUKOHAHHS TPOTPaMME
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BBeanTe TEKCT AM. Mantee
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CUCTEMA JIOKAJII3AILII AGOHEHTA B CTLIbHUKOBIM
MEPEXKI

BusHaueHHs MiCIIe3HAXO/KEHHS 3aBKIM  OyJlno  HE0OXiJTHOM
YMOBOIO Oyab-sKOi JIiSTBHOCTI JIFOAWHM, TIOB'SI3aHOT 3 MOTpe0oro
BIJICTE)KEHHSI PyXOMHUX 00'€KTiB. 3 IHOTO 1 BUHUKJIA HayKa «HAaBiraris» i
3'SIBIJTMCS Pi3HI HABITalliifHI TPUIAJN Ta 3aCO0H.

CramionapHa Mepeka omnepaTopa pO3IUIIEThCS Ha CHCTEMY
KoMmyTamnii 1 cucremy 06azoBux craHIii. Cucrema KoMmyTarii 3abe3nedye
BCTaHOBJICHHsSI 3’€JHAHHS MDK aboHeHTamu. Jlo ckiaay Ii€l cucTeMHU
BxoTh: HeHTp MSC, mmmo3 GMSC, perictpu HLR, VLR, EIR, mentp
AuC. Cucrema 0a30BHX CTaHIii 3abe3meuye 3B’SI30K MIX IEHTPOM
KOMyTallii 1 MOOIIBHUMHU CTaHIisAMU. JlO0 CKIIaay IIi€i CHCTEMHU BXOJATh
koHTposiepu BSC i 6azoBi BTS. Cucremy komyTaiii Ta KOHTpoJepH
BCTaHOBIIOIOTH B TEXHIYHOMY IIEHTpi oreparopa. bazoBi cranmii, fKi
PO3MIMTYIOTECS Ha BEJHMKIH TEpUTOPIi 3B’ SI3YIOTHCSA 3 KOHTPOJIEpaMH uepe3
TPAHCIIOPTHY MEPEKY.

CucremMu CynmyTHUKOBOI'O TIO3HIIIOHYBaHHS 3aCHOBaHI Ha
pO3TalIyBaHHI MITYYHUX CYIyTHHKIB, SIKI 00€pTalOTHCS 0 BU3HAYEHUX
opOiTtax i Oe3mepepBHO MEePEAAIOTH CUTHAIH, 110 BUKOPHCTOBYIOTHCS
MOOITPHIMH TE€PMiHATAMH 3a]JI1 BUKOHAHHS JTAIIbHOMETIl.

3a CBOEIO CYTTIO 1€ HaBiTalliliHi CHCTEMH, B TOH Yac SIK OCTaHHI

HA3eMHI CHCTEMH MPU3HAYEHI B OCHOBHOMY JUIs MTO3UIlIoHyBaHHs. Cructema
rinobansHoro nosunionyBanss (GPS) B nanuit yac B 61Uk Mipi €
rI100aIhbHOI0 HAaBITAlIHHOIO CYMyTHHKOBOIO cucteMoro (GNSS).
HazemHi cructemMyu MO3MIIIOHYBaHHS BUKOPHCTOBYIOTH MEPEXY HA3eMHHUX
CTaHIi. Y MUHYJIOMY BUKOPUCTOBYBAJIUCS KUIbKAa HA3EMHUX CHUCTEM JIJIS
MOpCchKOi 1 aBianiiiHoi Hagirauii: Decca, LORAN-C, TACAN i VOR /
DME i 6e3miv iHmux. BoHM XapaKTepHu3yIOThCs TyKe CIEIliaTi30BaHUMHI
obnacTaMH  3aCTOCYBaHHA 1 BHCOKOIO  BapTICTIO  YCTaHOBKH i
o0ciyroByBaHHsl. B TOBroCTpOKOBiM NepCHeKTHBI AeAKi 3 HUX OYyIyTb
3amineni GNSS.

3 iHmoro OOKy, Cy4YacHI Ha3eMHI CHCTEMH BHU3HAYEHHS MicIle
pO3TalllyBaHHS HAPOJIWINCS K CBOTO POAY MOOIYHHMMA MPOIYKT ICHYHOUHX

10
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0e31poToBUX CcHUCTEM 3B's3ky. ONHIEI0 3 OCHOBHUX BiAMIHHOCTEH MiX
Cy4acHUMH CYIMYTHHKOBUMH 1 HAQ3€MHHMH CHUCTEMaMH IO3HWIIOHYBAHHS €
OCHOBHA Me€Ta, JUIs SIKOi MpU3HAauYeHUI CUTHAI, IO e BiJ mepeaaBayda Jio
npuiiMaya: B CYITyTHHKOBIA CHCTEMi METOIO € JIilCHO TMO3HWIIIOHYBaHHS,
TOAl SIK B HA3eMHHX CHCTEMaxX ITO3WIIIOHYBaHHS YacTO € OTIOMIKHOI
OTILII€}O IO BITHOIICHHIO JI0 Mepeiavi JaHuX.

Yepe3 po3MaiTTsI Ha3eMHHMX O€3pOTOBHX CHCTEM 1 METOMIB
MOMYJIAIT 0 TEIEPIITHBOr0 Yacy OyJIH 3aIpOoITOHOBaHI Pi3HI MiIXOIU IS
MOYKJIMBOCTI TO3MIIIOHYBaHHS B OCOOMCTHX TeledoHaxX 1 MOPTaTHBHHUX
npucTposix. Jlo HUX BIAHOCATBCS TEpMiHAJI-IEHTPOBaHI 1 Mepexko-
IIEHTPOBaHI TPOIEAYPH I CTUTBHHKOBHX MEpEeX, M SKUX TIepIIi
MIPOTIO3HINII BUBYATHUCS OibIIe M'ITHAAISTH POKIB TOMY - IPOLEIYpH,
COpsSIMOBaHI Ha MOAYJSLIIO 1 MPOTOKONHM JUIA O€3APOTOBHX JIOKAIBHHX
mepex (WLAN), 6e3apoTosi mepexi Benmkux mict (WMAN) i WSN.

GPS - e cuctema rio6anpHOTO MO3UIIOHYBaHHS, 32 JJOITOMOTOIO0
SKOi MOXHAa TOYHO BH3HAYaTH TPUBUMIPHI KOOpPAWHATH 00'€KTa,
ocHameHoro GPS mpuiimauem: mmpoTy, AOBrOTy, BHCOTY Haja piBHEM
MOpsl, @ TAKOK HOT0 MIBUIKICTh, HAIPSIMOK PyXY 1 MOTOYHUIT Hac.

Honowmixuauii GPS abo posmmpennit GPS (ckopoueno, six
3a3puvail A-GPS i1 pigme sk a-GPS) - me cuctema, sika 4acTo 3HAYHO
MOKpaIly€e MPOAYKTHBHICTh 3aIlyCKy, TOOTO Yac A0 MEPLIOro BUIPABICHHS
(TTFF), cucremu cymytaukoBoro nosumionyBanHs GPS, A-GPS mmpoxo
BUKOPUCTOBYETBCS. B CTUIBHUKOBHUX TeiedoHax 3 miarpumkoro GPS,
OCKIJTBKM HOTO pO3BUTOK OyJ0 MpHUCKOpeHe BuMoroto denepanbHoi Komicii
CIIA 1o 3B'si3xky CIIA 911, mo6 3pobuty maHi Ipo MicIe3HAXOHKCHHS
CTITBHUKOBOTO Tene(OoHy MOCTYHHWMH JJsi JTUCIETYEepPiB EeKCTPEHUX
BUKITHKIB.

Bucokouytnusuii GPS - e cymikHa TEXHOJIOTiA, KA BUPILIy€e
JiesiKi 3 IIUX MPo0JieM, He BUMArarou J10aTkoBoi iHdpactpykrypu. OnHaxk,
Ha BigMmiHy Bin geskux ¢opm A-GPS, BucoxouytimBuit GPS He Moxe
3a0e3MeYnTH MUTTEBE BUIIPaBICHHS, Konu npuiiMad GPS BiakmoueHuit
MPOTATOM JIESIKOTO Yacy.

Asronomuuit GPS 3a0e3neuye nepiry mosuilito MpuOIM3HO
gyepe3 30-40 cexyna. Bin morpebye opOitanbHoi iHpOpMAaLii CymyTHUKIB
UIL  PO3paxyHKy HOTO4YHOro craHosuma. IllBugkicte mnepenaui
CYIYTHUKOBOTO CHTHAJIY CTAHOBUTEL BChOro 50 OIT / ¢, TOMY 3aBaHTaXKCHHS
opbitaneHoi iH(pOpMaii, Takoi sk epemepuaa i anpmManax, 6e3MOCePeIHBO
13 CYNyTHUKIB 3a3BU4aii 3aiiMae Oararto 4acy, i SIKIIO CYIyTHHUKOBI CUTHAJIH
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ryOIsIThCS TiA 4Yac OTpUMaHHS ITi€l iHdopMmarii, BOHA BiTKUIAETHCS 1
ABTOHOMHA CUCTEMA IIOBMHHA ITOYNHATUCA 3 HYJIA .
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B.B. Ilyneiixo
Hayionanvnuti asiayitinuii ynisepcumem, m. Kuis

KOMIT'IOTEPHI MEPEKI Y HABYAJIBHOMY INIPOIECI

Ha cboromHimHii JeHb BXKe MaJIo XTO MOXKE YSBUTH CBOE JXKUTTS 0e3
0e3pOTOBUX TEXHOJOTIH He3alexxHo Bix cdepu 3aHsaTh. Komm'rorepu
BIZIIrPalOTh BEJHMKY POJIb B HABYAJIBHOMY MPOIIEC], TaK K 3 1X JOMOMOTO0
SIK BYMTEJ, TaK 1 CTYJCHTH 37]aTHI 3a0IIaJUTH KyIy 4Jacy Ta pecypcis. Lle
JIMIIE OJIHA 3 TOJIOBHUX IepeBar 0e3IpOTOBUX TEXHOJIOTIH.

3py4HiCTh TPOKJIaAaHHS OE3pOTOBHX MEpEK HE MOXEe He OyTH
OIIIHEHOI0, a/pKe caM Mpolec He morpedye Oarato dHacy, skuii OyB O
3MapHOBaHWN Ha TPOKJIAMAHHA JPOTIB 10 pobOYMX MICIb Ta
HaJalTyBaHHS pOOOTH TpU APOTOBOMY MiAKIIOYEHHI. 3aoliaKeHHS
KOIUTIB Ta OONAamTyBaHHA Mepexi Oe3IpOTOBOrO 3B A3KY TaKOX
BBKAETHCA YMUMAJIOI0 IEPEBaror. 3BiCHO, cama 0e3IpoToBa CTPYKTypa
MOXXe OyTH JOpOroro, je Ie¢ KOMIEHCYEThCS O€3MOCepeHbO JIETKICTIO
HaalITyBaHHS Ta JOBIOTPUBAIIICTIO POOOTH.

Y po6oTi po3risHyTO MPOOIEMH Ta CIIOCOOM 1X BUPIMICHHS Hapsay 3
aHaJi30M 3PYYHOCTI BHKPUCTaHHsS O€3JPOTOBUX MEPEX Yy HaBUAIBHUX
npomecax. CydacHi craHaapTd O€3MpPOBIAHUX CTPYKTYp, a TaKOX ix
TOTOJIOT1] OyJI0 PO3TISIHYTO y POOOTI 331 iX MOTEHIIIHHOTO BUKPUCTAHHS.

Crnig 3ayBakuTH, mo O€3ApPOTOBI Mepeki MarTh CBOi HEIOJIKH.
OCHOBHUM 3 HHUX € mpoOiieMa Oe3meku Oe3ApOTOBOI MEpexi, a came
CIPOIICHUH IOoCTyn 10 Hei (MOpPIiBHSHO 3 TPAAMLIHHUMH KaOeIbHUMU
Mepekamu Tuy Ethernet). 1lo6 Brmountnn Wi-Fi, moTpibHO mpocTo
3HAXOJUTHCS B MEXaxX CHUTHANTy, KOIU MpPU JPOTOBOMY IIJIKIFOUCHHI
HEOOXITHO OTPUMATH NOCTYyN A0 OymiBii — (pi3UUHE MiJKIFOYCHHS [0
BHYTPILIHBOT MEPEXKi.

Maike BCi KOPIOpAaTHBHI MeEpeXi 3aXWIIAIOTh CBOI CHCTEMH Ta
KOHGICHIIMHI 1aHi, HAMAaralo4ynuch 3a00POHUTH 30BHIIIHIN AOCTYII. SKIII0
Mepe)ka HE BUKOPHCTOBYE MIM(PYBaHHSA, TO BKIIOYEHHS TEXHOJOTIT
0e31pOTOBOTO MiTKIIOYCHHSI MOXKE 3HHU3UTH Oe3neky. OCHOBHHM 3aco000M
3ano0iraHHst JOCTYIY HECaHKI[IOHOBAaHMX KOPHCTYBAayiB € MPUXOBYBaHHS
IMEHI TOYKH JOCTYITY Yepe3 BiKIIOYEHHS IUPOKOMOBHOI nepeaadi SSID.

HesBaxkatoun Ha Te, IO TAKUM YHUHOM JIOCATAEThCS €(DEKTHUBHICTH
MIPOTH BUIAJKOBOTO KOPHCTyBada, B OyIb-SKOMY pa3i Ile € HeHaiiHIM
MeTooM 3abe3medeHHs Oeznekn xo4a 6 Tomy, mo SSID mepemaerbes y
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YUCTOMY BHUTIISII SIK Biz[r@é%eu@ganmy kimienTa. Ille ogarM criocobom
€ J03BiJ MiAKIIoYaTrCs 10 0e3apoToBoi Mepexi Wi-Fi Tinbku koM 1oTepam
3 Bizomumu MAC-agpecamu. TUM He MeHII, B LbOMY BHIAJIKy TaKOX
NpUCYTHs HeabusKa Bpa3uBicTh. [IeBHI MiICIyXOBYIOUi IPUCTPOT MOXKYTh
MpUENHATHACS O  MEpeXi, MiIMIHABIIA  aBTOPHU30BaHy  ajpecy.
[udppysannus Wired Equivalent Privacy (WEP) Oyno po3poGieHo mis
3aXMCTY BiJ] BUMAAKOBOTO BiJICTEKEHHS, ajie BOHO OiIbIlle HE BBAXKAETHCS
Oe3meyHNM.

Be3npoToBi TOUKM AOCTYIy 4YacTo CTalOTh MPOOJIEMHOIO CKIIaJ0BOIO
pOOOTH agMiHICTPATOPiB KOPIIOPATHBHUX MEPEK, aJKe HEe BCI KOPUCTYBaUi
MOXYTh 3allaM SATaTh Tapoiii Biag Todok. ToMmy ayTeHTHiKamis KIIi€eHTa
3aiimae neBHUI 9ac. OCHOBHI HaJalITyBaHHS MPOBOIITHCS Ha cepBepi. Ha
Touli (KIieHTa) Tpeba BChOro JMine BHOpaTH BHJ ayTeHTH]ikawii, mopT
cepsepa, [P agpecy ta napois.

Jnst po3nonily KOPHUCTYBadiB 1O T'pylaM BHKOPHCTOBYEMO TIPOIIEC
ayreHTH(]iKaIil. 3aJexHO BiJ TPyNH, MOBHHHI OyTH BH3HAYeHI IpaBa
KOPHUCTYBa4iB Mepexi 3a4isi PO3POOKH Ta MOJAIBIIOTO aHalli3y MpoLecy
ayreHTH]iKaIil KopucTyBauB y wMepexi. Ciig mnaHyBaTH Tpynd 3
0OMEXEeHUM JOCTyroM, alu iHdopMmailis, M0 IOCTyIIHAa B CHCTEM,
MPaBWJILHO PO3MOAUIAIACH MiXK HUMHU.

Po30buparoun nma"y Temy, CIifi BU3HAYMTH 3 THIM KOPHCTYBadyiB:
aJIMiHICTPAaTOpH, BHKJIAJadi Ta CTyIEHTH. AJIMIiHICTPaTOpH OTPUMYIOTh
MOBHUH JOCTYyNl 1O BCi€l Mepexki,ynpaBimiHHS pPOOOTOI0 Mepexki Ta
MOJJIUBICTh BHOCHUTH 3MiHM Yy ii (YyHKUiIOHyBaHHS. Y CBOIO 4Yepry,
BHUKJIaadi 3JaTHI CTBOPIOBATH, 3aBAHTAKYBAaTH, BHIAIATH (aiiu.
Mo>IHBiCTh TIEPEBIPATH MMiIBaHTaKE€HI POOOTH CTYIEHTIB CTa€ OTHUM 3
KJIIOYOBHX MOMEHTIB po0oTH. SIK BXe 3pO3yMillo, CTYIEHTH MOXKYTh
3aBaHTAXXYBaTH Ta MEPEAaBaTH Pi3H poOOTH, pailim.

TakuM 4YHHOM, MOXHa CTBEP/XKYBATH, II0 po0OOTa € KOMIUIEKCHOIO,
a/pke B Hill HasBHI JTOCTIKEHHS MpoOJeM HajamTyBaHHS Oe3qpOTOBOi
Mepexi 31 CTOpiH Pi3HUX TPyl KOPUCTYBadiB. Y TOJAIBIIOMY CTBOPEHA
cucTeMa ONTHMIi3yBaTHME HaBYAJIBHOMY IPOLEC, 3MEHIIYIOUN BUTPAYCHUIH
Jac Ha 301p Ta 00pOOKy JaHuX.

Jana wmepexa 3a0e3mneuye JOCTYH JO cepBepa, Je 30epiraroThes
iH(bOpMaIlis, 1a€ MOKITUBICTH OOMIHIOBATHCS JAaHHUMH MiXX KOPUCTYBadaMHU.
ITro mMepexy MOXHA IIMPOKO BUKOPUCTOBYBAaTH B HaBYAIBHOMY IIpOIECi
(mys 3amikiB Ta 1abopaTopHUX poOiT, 30KpeMa).
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AKM. Japaran
Hayionanvnuti asiayitinuii ynisepcumem, m. Kuis

YAOCKOHAJIEHHSA METOAUKHA IMTPOI'HO3YBAHHSA
BTPAT PAAIOCUTHAJLY Y I'TIPOMETEOPAX JIJIA CUCTEM
MOBUIBHOTI'O 3B’A3KY 5G

CpOrofieHHs TOCTIHHO BHMAara€ YJIOCKOHAIEHHS MOOUIBHOIO
3B’s13Ky. OCh HOMY aKTHBHO ITOYMHAE BIPOBAKYBATUCH TEXHOJIOTiA 5G.

3a paxyHOK 3MIiHM IUIQHETapHOTO  KJIIMaTry  HEoOXiTHO
MiIAIITYBATH [0 CUCTEMY IIijl BIUTUB Ti[POMETEOPIB,sIKi B CBOIO UEPry €
3HAYHOIO TEPEIIKOI00 Ul BUCOKOYAcTOTHOTrO 5G curHairy. Oco6auBicTo
cydacHuX cucteM 5G € Bucoki wdacrorn (6mm3eko 27 ITm) Ta
HampaBlieHicTh 3B’s3Ky. [lorogni ymMoBHM,Ha TpHUKIA[ MAOIIi, MAalOTh
BEJIMKWH BIUIMB Ha 3aTyXaHHS CHIHANY,IO NMPHU3BOJHUTH JIO PO3CIFOBAHHS.
Yum OGinpira yactoTa TUM OUTBIIMH BIUIMB JIOLIY,CaM€ TOMY PO3PaxyHOK
BTpAT y riipoMeTeopax TiCHO MoB’si3anuii 3 5G .

OTxe, BUBeieHHs GOpMyJIH ISl IPOTHO3YBAHHS BTPAT Y CY4acCHOMY
MOOITBHOMY 3B’SI3Ky € KOPHUCHOK MJisi 30€pekeHHS 4acy iHXKEeHepiB Y
rajy3i TeIeKOMYHIKaIllill Ta HayKOBIIiB.

3MicT MO€i pobOTH ToJsirac B TOMY,II0O mepeHecTH rpadikd i
HOMOTpaMH y aHaJiTW4HUIl Burmsa. OTXE,0CHOBHOIO 3aJauelo €
BUBE/ICHHS (OPMYIIH ,sSKa 3 MiHIMaIBHOIO MOXHOKOIO onucyBana 6 rpadik
3QJIEKHOCTI  KOEQIIIEHTy IPOCTOPOBOI HEPIBHOMIPHOCTI JOMIY  Bif
MPOTSKHOCTI iHTEpBally pamioiiHii i iHTeHCHBHOCTI ocaaiB. s mporo
noTpiOHO 3HalTH Koedimientu A,B,C,aKki 1OMOMOXYTh HaM MiHIMI3yBaTH
BiJIXHMJICHHS BiJl 3HA4Y€Hb, 3HANIEHUMHU 3a rpadikoM BpyUHY.
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K=K(J,R)

(1.1)

K=exp|—A-J% R, (1.2)
rows(K) cols( K)

Dev|A,B,Cl= Y. D &bbi
r=1 c=1

(1.3)

A

B|=Minimize|Dev,A,B,C|

C

Al [1.490x10°

B|=| 0.981

C 0.56

Busenena gopMyia 3 miicTaBIEHUMHU KOE(illieHTaMM:
K=exp (— 1.49-1073- J>%! _Ro.sss)

B xoxi po6oTu Oyino CHHTE30BaHO aHATITHUYHUN OMHUC OOYMCICHHS
BTpaT y pagiOCUTHAl, KUK 3 MiHIMaJIbHOIO MOXHOKOI Oyae omucyBaTu
rpadik 3a1eKHOCTI KOe(illi€eHTy MPOCTOPOBOI HEPIBHOMIPHOCTI JOIIY Bil
MPOTSKHOCTI 1HTEpBaNy paAioiHil i iHTeHCMBHOCTI ocafiB. OOUHCINBIIN
BIIXWJICHHS TPHU BUKOPUCTaHHI (OPMYITH,MOXHA 3POOUTH BHUCHOBOK, IO
nana ¢opMmyna Uil BIOCKOHAICHHS METOAWKH TPOTHO3YBaHHS BTpaT
paZiocHTHATY y TigpoMeTeopax TMpaIioe 3 MIHIMAIBPHAME IMOXHOKaMH 1
JO3BOJISIE TOJajblie 1i BHKOPUCTAaHHS B MpPAaKTHYHIH Ta HayKOBIH
IISUIBHOCTI.
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YIAK 004.733
A. C. lertsap

Hayionanvnuii asiayitinuii ynisepcumem, m. Kuis

MEPEXA NGN HA BA3I IIVIAT®OPMMU U-SYS

3a ocTaHHIA Yac Ha PUHKY TCICKOMYHIKAIli 3'IBUIACs IHTCHCHBHA
KOHKYPEHIIis B MOPIBHAHHI 3 MOMEPEIHIMH ACCATIIITTAMH 1, IK OYiKy€eThCs, Oyne
poctu Oe3nepepBHO i mMBHIKO. OTHOI 3 OCHOBHHX MpoOJeM, IO TOB’s3aHi 3
NPaKTHYHUM  BIPOBADKEHHSAM Mepex HactymHoro mnokoniHHa NGN, €
3a0e3neueHHsT HACKPi3HOI SAKocTi mociyr QoS i MynbTUMENidHOTO Tpadiky.
CyuacHi meroau mnpoektyBaHHi Mepexx NGN He J103BOJISIOTH pO3paxyBaTu
OCHOBHI  XapaKkTepUCTHUKH Mepexi,a 3a0e3nedyioTs Juml rpy0y  OLIHKY
MPOJYKTUBHOCTI 0230BUX KOMIIOHEHTIB MEPEXi.

OcHOBHUMH KOMIOHeHTaMu Oynp-sikoi wMepexxi NGN e HactymHi
¢yHKIioHaNpHI 00’ekTH: Memianumo3 MG (Media Gateway), CHTHaNbHI IUTIO3U
SG (Signaling Gateway) Ta THyuYki KomyTaropu (cepBepu BukiukiB) CS (Call
Server). @i3uuHO MenianuIO3 Ta CUTHAJIBHUH IUTIO3 MOXYTh OYyTH pealli3oBaHi B
SIKOCTI OKpeMoro oOJagHaHHS Ta SBISIFOTE COOOI0  BIATIOBIAHO IYHKTH
KOHLIEHTPALI] CUTHAJILHOT'O Ta MPU3HAYEHOT0 JIJIsi KOPHCTYBauya HABAaHTAXKEHHS.

CepBep BHKIMKIB 3a3BHYaili  peali3yeTbcsl  ICGHTpPaAi30BaHO  Ta
BUKOPHCTOBYETHCSI B OCHOBHOMY JJIsl 0OPOOKH I'PYHOBOI'O CHI'HAIBHOTO Tpadiky.
B3aemoniss 1mMx 0O0’€KTIB Mepexi 3IIHCHIOETbCS 32 JOMOMOTOI0 IPOTOKOJIIB
CHUTHaNi3amii 4epe3 TPaHCHOPTHY Mepexy. [lapameTpm Menmiannio3 ITOBHHHI
PO3PaxOBYBaTUCA,BUXOAAYM 3  IpPOIYIIEHOTO  HUM  KOPHCTYBAIL[bKOTO
HABaHTAKCHHsS, a [apaMeTpu CepBepy BUKIUKIB — 3  HAaBaHTAKCHHS
00CITyTOBYBaHUX HUM BUKITUKIB Ta BiJITIOBITTHOTO CUTHAIIBHOTO
HaBaHTaXEHHS,IIOB SI3aHOT0 3 OOpOOKOI0 BHKIMKIB. [lapamerpu CHUTHaIBHOTO
LITI03Y TOBHHHI PO3PaxOBYBAaTUCS, BUXOASYM 3 00’€My OOpOOIIOBAaHOTO HHMH
curHaibHOro tpadiky. Crouarky Oyzae po3risiHyTa Mopenb Tpadiky B Mepexi
HactynHoro mnokosiHHg NGN,a TOTIM — pO3paxyHOK IapaMeTpiB MEpeKeBHX
€JIEMEHTIB Ta BapTOCTi 0OCIYroByBaHHA MepexXi (BUTpaTH Ha 0OJaHAHHA 1 T.1.).

KirogoBuM mapameTpoM Aisl po3paxyHKy xapakTepucTuk mepexki NGN e
HaBaHTaxeHHsA (Tpadik) B Mepexki. [IpomoHyeThcs HacTymHA  MOJIEINb
posnoxineHHs Tpadiky B MeTialuIfo3i: HOCTYNUBIIHAN A, , 00CTyXeHUH A ,
BUXITHUN  Aow, BXITHUA Aju, BHYTPIIHIN Ajye Ta TpaH3UTHHH A,. MoxHa
NPUIYCTUTH, IO BXiMHUN Tpadik Ao, JOJIS BHYTPIIHEOTO TPAMIKY Piure Ta DO
TpaH3uTHOrO Tpadiky P, Bimomi,i BXimHuél Tpadik A.. TOPIBHIOE IO BEIHYHHI
BUXIZTHOMY A, Ha CTOPOHI JIOCTYIy Meianuto3y. /s BU3HAYCHHS 1IUX BEIHMYHH
HEOOXITHO 3HATH KUIBKICHMH Ta SKICHHHM CKJIa[ KIIEHTCHKOI 0a3sW KOKHOTO
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MeialnuIo3y, PO3MOIICHHS KOPHCTYBadiB IO BY3JIaM JOCTYIly Ta TOIIOJIOTIIO
3B 513Ky MEPEKEBHX BY3IIiB.

Takum uwmHOM, posropranHs Mepexxi NGN € 10CTaTHRO BHTIJHUM
€KOHOMiI4YHO. AGOHEHTY He MOTpIOHO Oy/e MmojaBaTy 3asBKU Ha HiIKIIOYEHHS JI0
JIEKITBKOX KOMITaHI — BiH MOXKEC 3aMOBUTH I[UIMH MAKET MOCIYT, IO SKUX Oyze
MaTH OZHAKOBHUH TOCTYII Ta TiIHY AKiCTH 0OCIyTOBYBaHHS — K B Tele]oHil, Tak i
[HTepHeT-IOCTyTaX — K JOMAIIHFOMY, TaK 1 MOOITTBHOMY.
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VK 621.391.7 (043.2)
I'.Jd. MakcumoBa

HB@,B,‘W’F@Z Feq g ynisepcumem, m. Kuis
CIJIbCBKA TEJJE®OHHA MEPEXKA

Po3BuTOK Mepex 3B 53Ky Ha CydyaCHOMY €Talli € IpiOpUTETHUM
3aBJIaHHSAM YCBOTO CBITOBOTO CITiBTOBapucTBa. Ha chOromHimHINA 1eHB
3B'S130K Bilirpae MepuopsHy pojib Y BCiX chepax JFOACHKOI JTisSUIBHOCTI: B
CKOHOMIIll ¥ TPOMHUCIOBOCTi, HAayll H TEXHIli, KyJbTypi, JEpKaBHOMY
KEepiBHUIITBI.

Po3BuTOK €reKTpo3B SA3Ky B HaIIii KpaiHi Wae 3 ACSIKUM
BiJICTAaBaHHSM BiJ PO3BHHEHUX 3aKOPAOHHUX KpaiH. Ha choromHimHii
JIeHb TeneOHHA MIUIBHICTG YKpaiHM HWXK4Ye, HIK Yy PO3BHHEHHUX
3aKOpJIOHHMX KpaiHax. BiTumsHsgHI TenedoHHI MeEpexi CKIamaroThes B
ocHoBHOoMy 3 anamoroBux ATC: nekagHO-KpPOKOBHX, KOOPIAMHATHUX,
kBazienekrpoHHux. [ani tumm ATC Bxe He BIINOBIAAIOTH Cy4YaCHUM
CTaHJIapTaM 1 HE MOXYTh 3a0€3MEeUUTH AO0OHEHTIB CyYaCHHMH BHUJIaMU
nociyr: JIBO, Internet, ISDN.

Jist 3aJ0BOJICHHSI CYyYaCHUX BUMOT B OOJIACTI €NEKTPO3B SI3KY i
MTOBHOIIIHHOTO BXOJKEHHS Y CBITOBE TEJIEKOMYHIKallilfHE CITiIBTOBapHCTBO
HEoOXimHUX Tmepexin mo 1mdpoBoi KomyTalii. 3HAYHAM KpPOKOM ¥y
PO3BHUTKY TeJIEKOMYHIKalliil crana moOynoBa nu(ppoBUX CUCTEM KOMYTaIlii.
Ha mepexax Hamioi kpaiHu BIpoBaJKeHO nocutTh Oararo tumiB I[CK
repeBakHo 3apyOikHOI po3podkm. I{udposa cucrema komytarii (LICK)
cepennaboi emHOCTI «SI2000%», po3poditeHa ciioBeHChKo0 hipmoro ISKRA-
TEL, BupoOnsieTbesl B KiIBKOX KpaiHax, y TOMY YHCHI B YKpaiHi CHUTBHUM
mignpueMcTBoM «MoHic» M. XapKiB.

HCK SI2000 mae THyYKYy MOJAETBHY apXiTeKTypy 0OJaJHaHHA i
nporpamHoro  3abesneuenHs  (I1I3),  TepuTopiasibHO  po3mOAiNeHi
aOOHEHTCHKMH  JOCTYN, KOMYTalil0 1 KepyBaHHs, LEHTpali30oBaHi
eKCIUTyaTallif0 1 TeXHiYHe OOCIyrOBYBaHHS, IHTETPOBAHY CHUCTEMY
CJIICKTPOXKUBJICHHS, € EKOHOMIYHOK, JIOOpe TMPUCTOCOBAHOK  JIO
00CIyroByBaHHs ~TEPUTOPI 3 MaJOK  [IUIBHICTIO  HACEJICHHS 1
HEBHOATTIMBOIO 10 YMOB BHKOPHCTAaHHS HAa MEPEXi Ta 10 yMOB JOBKIJIIA.
(IICK) «SI2000» mae mmpoKi MOXIIMBOCTI BUKOPHUCTAHHS Ha ICHYIOUHX i
MEPCIEKTUBHUX MICIEBHX Mepekax 3B 3Ky, Iepll 3a Bce — TelepOoHHUX
Mepekax CiIbChKUX aJMiHICTPaTUBHHUX PAOHIB.
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IICK SI2000 mae 060B's13K0Bi (yHKITIOHATBHI ITiICHCTEMHU
pi3HOTO MPHU3HAYEHHS, pealli3oBaHi armapaTHO-IIPOTPAMHIMH 3aCO0aMHU:
mijcucremMa abOHEHTCHKOTO JOCTYIY; MiACUCTEMa KOMYTallil;
MmiJicucTeMa CHTHAIII3alli; IMijcucTeMa KepyBaHHS; MiJCUCTeMa JIHIHHOTO
JIOCTYIY; migcucreMa TEXHIYHOT eKCILTyaTarii; miacucTreMa
CJIEKTPOXKHUBIICHHS; TIJICHCTEMa CHHXPOHI3aLIi.

Ha manomy erami nmdposizamii Mepexi nepeadaveHi 3aMiHH
3actapimux KiHneBux TtenedonHux cranmi Ty ATCK 50/200 Ha HOBe
nudpose obnamHanHs nudpoBoi cucremu komytaiii (LICK) SI2000/V.5,
BCTaHOBJICHHS O0JIaJHAHHS LIMPOKOCMYTOBOT'O AOCTYIY J0 Mepexi Inter-
net (BAN), o0'emnamas ngeskux citbebkux ATC B kimbms.  Ilpum
pexoncTpykmii TM CAP mHOr0 Oyjo 3arutaHoBaHe OO0 €THAHHS JESKAX
CIIBCBKUX TeNeOHHMX CTaHLId B BY3JOBI pailoHH. Takok KpOKOM 0
MiABUIIEHHS KUBYYOCTI Ta eeKTHBHOCTI TM CTano CTBOpPEHHS pe3epBHUX
HampsIMKIB 3 €JHYBAJBHUX JIHIH 32 IOTMOMOTOI0 00 €THAHHS CYCITHIX
cimecpknx ATC B TpaH3uUTHE KiJbIle, 3aMiHAa MaJIOKAHAIBHUX CHUCTEM
VILIbHEHHS Ha HOBI Ludposi cuctemu nepeaadi tury WATSON-5.

B xozi BukoHaHHS poOOTH MHOIO OYJIH TIPOBEACHI PO3PaXyHKH
HABAHTKEHHS CTaHI[I MEpPexi Ta KUIBKOCTI 3 €IHYBAJIbHUX JIHIH, II0
JIO3BOJISIIOTH TIPOBECTH OCTATOYHHMN MEpeXiJ] CLTbChKOI Mepeki Ha UPPOBY
OCHOBY. [laHi pe3ynbTaTH MOXYTh OYTH BHKOPHCTaHI Ha MPAKTHUIl, TOOTO
OyTH 3aCTOCOBaHMMH TIpM TOOYI0BI peanbHOi mH(poBOi TenedoHHOT
Mepexi MupoHiBebkoro paiiony KuiBcbkoi o0nacri.
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YK 621.39.005 (043.2)

O.B. I'punai
Hayionanvnuii asiayitinui ynieepcumem, m. Kuis

IPOTHO3YBAHHS 30H MOKPUTTS CYYACHUX
TEJEKOMYHIKATIIIMHAX CUCTEM

BukopucranHs 1ep)kaBHUX CYIYTHHKIB ,3 METOIO 3a0€3MeUeHHs Cy4acHOI CyIy THUKOBOI
1HPPACTPYKTYpH AJIs CIIELIATbHOTO 3B 13Ky TaKOT0 K — MOLIYKOBI OIepartii ,3a BiICYTHOCTI
1HIIUX cucTeM 3B’ 13Ky . CydacHUM IHTEHCUBHUIN PO3BUTOK CHCTEM CYIyTHUKOBOTO
3B’sI3KYy,Ha npukiaa komnanii SpaceX Inmona Macka, sika Helo1aBHo 3amycTtiiia 60
CYMYTHHKIB 3aBJIIKU pakeTi-HocleBl Falcon 9 mys 3a6e3nedeHHs rimodanbpHOT mepeaayi
Iarepner Tpadiky Ta 3B’a3Ky. Te, 1m0 3po6uB Mack — MOBHUH aHAJIOT TOTO, IO
MIPOIIOHYETHCS Y MOIN JAMIUIOMHIN po0OOTIi, ayie /it 3a0€31eUeHHS CIIeliadbHOTO 3B’ 13Ky B
VYKpaiHi 3 BAKOPUCTAHHSM CYITyTHHKIB BUKJIFOUHO YKPaiHCHbKOIO BUPOOHHIITBA.

CBoi mociipKeHHs s TPoBOIMIIa Ha 0a3i IBOX CyYaCHUX KOCMIYHHX arapariB:
PolyITAN-1 ta PolyITAN-2-SAU
T, — cepenHst TpUBaIICTh CEAHCY 3B SI3KY .

T,—icepenHe 3HAYESHHS MiXK CEaHCAMU 3B SI3KY .

T,=80:8=10 (xB) T,=205,5x8(3,42ron) - POLYITAN-1.

T,=81:8=10,1 (xB) T,=1460:8=182,5(3,04roq) - POLYITAN-2.

N — HeoOXi/1Ha KIJIBKICTh CYIYTHUKIB JIJISl 3IIMCHEHHS HEMIEPEPBHOTO 3B’SI3KY.

N=[({T,>/<T,>+1[*N,,,, ne {T,>{ — cepelHe 3HAYCHHs iHTEpBAly Yacy MK CeaHCaMH

3B’SI3KY Y iICHYIOUii CymyTHHKOBIH iH(pacTpykTypi PolyITAN

<T,>{— cepenHe 3HAUCHHSI CEAHCY 3B’A3KY 3 OJIHMM CYIYTHHKOM Y ICHYIOUiil CYITyTHHKOBIH

iHppactpykTypi PolyITAN,

NOoT — NOTOYHA KUIBKICTh CYNYTHHMKIB Y ICHYIOUIM CYNYTHUKOBIM 1H(QpPacTpyKTypl

PolyITAN.

N =[(205.5+182.5)/(10.1+10)+1]*2 =41

Buxonsiuu 3 1aHuX po3paxyHKIB MOKHA 3pOOMTH BUCHOBOK ,III0 MOTPIOHO 3aIyCTUTH I1I€
41-2 =39 noaibuux no PolyITAN-1 Ta PolyITAN-2 cynyTHukiB juisi Toro, mo0 OyB

HENEPEPBHUMN 3B’ SI30K.

Ha 06as3i girounx ykpaincbkux cymyTHUKIB PolyITAN-1 Ta PolyITAN-2 s gocminnna
XapaKTEPUCTUKH 1CHYIOUOI CYMyTHUKOBOI 1H(PPACTPYKTYypH MpH 3AIMCHEHHI 3B’S3Ky 3 1l
BUKOPHUCTaHHSIM Ta BU3HAYMJIA,IO B MEPCIEKTHUBI Halla JIep)KaBa MOXe MOOYyBaTH CBOIO
BJIACHY CYIYTHUKOBY JIiHIIO 3B'sI3Ky 0€3 3amydyeHHs 1HO3eMHHUX CYMyTHHKIB. /[ mporo
noTpiOHO BUBECTH Ha OpOITy mie NoAiOHMX 39 CyMyTHUKIB AJsl HETIEPEPBHOTO 3B SI3KY
HOILIYKOBUX cHUCTeM . Po3paxyBaBIM €eHEpreTKy Ta BU3HAYMBIIM , 1110 PIBEHb CUTHAy Ha
BXOJl TNPUHMAIBHOTO TPHUCTPOIO HU3BKUI ,T0 K 1€ MoTpedyBaTuMe po3poOsIeHHS
NpUAMATbHUX TPUCTPOIB CYIyTHUKOBOTO 3B’SI3KY 3 BIHOCHO BHCOKOIO UYTIUBICTIO
(usgxomM BUOOPY CyNEpreTepoAMHHUX CXEM 3 JeKUIbKOMa MPOMIKHUMHU YacTOTaMH,
HAMIBIPOBIAHUKOBUX TMPUJIAAIB 3 MajJuM pPIBHEM BJIACHUX IIyMIB TOIIO) Ta, MOXIIMBO,
AHTEHHUX CHUCTEM 3 MEBHHMM piBHeM mijcwieHHs Ha 5-20 nb (anTeHn Tumy “XBHIBOBHIMA
KaHa’, aKTUBHI 30BHIIIHI aHTEHHU TOIIIO).
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HAYKOBO-MPAKTNYHA KOHOEPEHLIS
«MPOBJIEMU EKCIMIYATALIT TA BAXUCTY IHGOPMALIMHO-KOMYHIKALINHMX
CUCTEM»
4 — 6 YEPBHS 2019 P., HALIOHANBHWI ABIALIHWIA YHIBEPCUTET, M. K/iB

YK 004.733
I.M. Bapuirok

Hayionanvnuti asiayitinuii ynisepcumem, m. Kuis
KOHBEPIEHIISI MICbKOI TEJIE@OHHOI
MEPEXKI

Mepexka 3B's3Ky HacTymHoro TokomiHHS (NGN) -

KOHIICTIIis TTOOYJOBH MEPEX 3B'A3KY, 110 3a0€3MeUy0Th HaJaHHS
HEOOMEXEHOT0 HabOpy TMOCIyT 3 THYYKHMH MOKJIHBOCTSIMH
MOJ0 iX YIpaBIiHHS, MEPCOHANI3AIll Ta CTBOPEHHIO HOBUX
MOCIYT 3a paxyHOK YyHidikamii MepexeBUX pillleHb, IO
nependavae peanizalfilo  yHIBEpCaJIbHOI TPAHCIOPTHOI MEpexi
pO3MONiIeHy KOMYTAIli€l0, BAHECEHHsT (DYHKIIH HaJlaHHS MOCITYT
KIHIIEBUM MepekaM BY3JIiB Ta IHTErpauilo 3 TpaAullifHUMH
MepeKamH 3B'SI3KY.
OcHOBHMMH KOMIOHeHTaMH Oynb-akoi Mepexi NGN e Taki
¢yHKUioHanbHi  00’ekTH,AK @ Memiamio3 MG (Media
Gateway),curnansii nuno3u SG (Signaling Gateway),Ta THyUKi
komyTatopu (cepBepu BukiukiB) CS (Call Server).

ITpu moGynosi NGN criix BpaxoByBaTH psiz crueuniqHux
BJIACTHUBOCTEH cucTteMu TenedonHoro 3B's3Ky. Cepen 3MiH B
TM3K HeoOXigHO BHAUTUTH TepexiJ M0 MaKeTHUX TEeXHOJOTiH
mepepadi 1 KoOMyTamii, CTHUMYJIOIOYMX PO3POOKY HOBHUX
MIPUHLUTIB T00y0BH Mepexi. OfHe 3 HAaBaXKIIMBIIINX 3aB/IaHb,

crpusitoya GOopMyBaHHIO 1 pearizallii uX MPUHIHUIIB, — po3poOKa
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METOMIB  PO3PaxXyHKy  XapaKTEepPUCTHK, SAKi  JTO3BOJISIOTH
aHaIi3yBaTH SKiCTh 00ciyroByBaHHs Tpadixy B NGN B misomy, a
TaKOX B ii OKpeMux (pparmMeHTax.

Po3paxyHok KiUIBKOCTI a0OHEHTIB KOXHOI  Kateropii
BUKOHYETHCS ~ BUXOJASYM 13  33JaHOTO  IMPOLEHTHOIO
CIiBBIAHOMmMEHHS  BiJ  €MHOCTI  CTaHIii: abOHEHTIB
KBapTUPHOTO cekTopa - 66%; HapoAHO-TOCTOJApPCHKOTO
cektopa - 29%; takcodoHiB - 5%; aHAJIOrOBUX MOJCMIB -
21% Ha abOHEHTCHKHMX IJIHISX KBapTUPHOTO i HApOJHO-
roCIoJapCchbKOro cekTopa; pakcUMINbHUX amapariB - 22%
Ha  a0OHEHTCHKHMX  JIHISAX  HApPOAHO-TOCHOJAPCHKOTO
CeKTopa.

BuHukaroue MiclieBe HaBaHT)KEHHSI PO3PaXOBY€ETHCS 3a

(dhopmyioro:

3
Av&:_ m = Z{I P 2’ {ar' ' V) +spy - Nyspy Epn
i=1

ne: | - kareropis mKepena HABaHTAKEHHS;

a. . e
[ - IMTOME HaBaHTa)KEHHS Bl aDOHEHTIB i-01

KaTeropii;
I - KUIBKICTB IPKEpE i-01 KaTeropii;

ai_f (Tl" PP) , Bu3Hauaerbes 3 HTII 112.2000;
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i - TpuBanicTh po3MOBH, Bu3HauaeThes 3 HTTI
112.2000 3a1€XUTh Biji TPOIICHTHOTO BiIHOMICHHS KBAPTUPHOTO
CEKTOpa;
BucHoBok:

[lepcnekTrBHA  apxiTeKTypa  MEpeX  HACTYIHOTO
nokomiHHs (NGN) mnepexbadae CTBOPEHHS MYJIBTUCEPBICHOT
Mepexi 3 BUHECEHHSM (DYHKI[IOHATHHOCTI TOCIYT B TPaHWUYHI
BY3JIH MEPEXi, CTBOPEHHS CIIELiabHOI MiJCUCTEMU YIPaBJIiHHS
MOCIIyTaMH y BUIVISLII OKPEMOI MEPEKEBOI MiACUCTEMH, a TaKOX
PO3IIMPEHHST HOMEHKIIATYpH iHTepeiciB [  MigKITF0UeHHsS
00aHaHHS MOCTAYaIbHUKIB TIOCITYT.

OcobnuBicTiO MIOCHYT, 10 Ha/aI0ThCS Ha
MYJIBTHCEPBICHOI Mepexi, € iX He3aJleXHICTh BiJ CIOCO0Y
JOCTYILY, 1110 TIPUITYCKAE HOSABY MEPEX JOCTYIy SIK CAMOCTIHHOTO
KJIacy Mepex 3B's3Ky. Taki Mepeki IMOBHHHI 3a0e3ledyBaTh
JOCTYTI HE TUTBKU J0 PECYPCiB MYJIBTHCEPBICHOI Mepexki, a i 10
pEeCYpCiB ICHYHOUHMX Mepex 3B'SI3Ky. Takuil Mmiaxil JT03BOJIUTh
3MIHCHUTH THYYKY TOJITHKY TpPH TIEpEXoAi BiJ OAHI€T Mepexi

3B'SI3KY JIO 1HIIIOTO MPH HAJaHHI OJJHOTUITHUX TIOCIYT.
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YK 621.39.005 (043.2)
M.O. I'ycak
Hayionanvnuti asiayitinuii ynisepcumem, m. Kuis

IIpobnemaTnka 3a0e3neveHHs aBialiiHOr0 CyMyTHUKOBOIO 3B 3Ky HA
TPAHCKOHTHHEHTAJIbHUX MapLIpyTax

CyuacHi peiicu moBiTpsHNX cyneH LIA 3 aepomnopry «bopucminby
3OIMCHIOIOTBCSL  30KpeMa 3a  JaJIEKOMaricTpajJbHUMH — MapLIpyTaMmH,
Hanpuknan, peiic PS231 «Kuie — Heio-Hopx» (JEK), FDB730 «Kwuip —
Hy6ai» (DXB), Ta inmi peiicu. Ilpu 1upoMy cTa€ HEMOMXIUBUM
6e3nocepenniii 38’5130k [1C Ta Ha3eMHUX CTaHILIi B JEIKHX MapLIPyTHHX
TOYKaX, HAIIPUKJIAJ HaJl MAJI03aceJICHUMH Ta OKEaHIYHUMHU pailoHaMu.

B Takux cutyamisix icCHye HEOOXITHICTh 3MIMCHEHHS HATIHHOTO 3B S3KY
Mk TIC Ta cmyxbamu KIIP Hag Mmamo3aceneHUMH Ta OKEaHIYHHUMHU
paiionamMu. B Takux Bumagkax 3B’A30K Moxe OyTH 3a0e3medeHo
CYyyTHUKOBMHMH  CHCTeMaMH 3B 53Ky, abo KX  pazmio3B’sa3xom.
PosrisiHeMo npoGieMy Ha npukiazi peiicy «Kuis — Horo-Mopi.

ICELAND e veoen

FINLAND
FAROE ISLANDS

NORWAY

12:30 &

14:50

UNITED 2 11:00
e KINGDOM

UKRAINE

o—— MoLDOvA
FRANCE 2™ ™

J FK . SN ‘GREECE TUR

Puc. 1. Mapupyr peiicy «Kuis — Hero-Hopx»

Jlo HaiOiNbII BUKOPUCTOBYBAaHUX CHUCTEM CYIIyTHHKOBOTO 3B’S3KY, LIO
BUKOPHCTOBYIOTECS Yy IIMBUIBbHIN aBiamii, HalexaTh HH3bKOOPOiTaNbHA
cucrema Iridium ta reocrartionapua cuctema INMARSAT.

Iridium — me HHM3BKOOpOiTaNbHA CYMYTHHKOBA CHCTEMa 3B’S3KY, SKa
TOKPUBA€E BCIO MOBEPXHIO 3eMyii Ta Hajiuye B cobi 75 cymyTHHKIB (66
OCHOBHHX Ta 9 pezepBHHX). OCOOTMBICTIO CYIyTHHKIB IIi€l CHCTEMH B
TOMY, LI0 BOHHU IOCTIHHO PYyXarOThCS, TAKMM YUHOM | CYIyTHHK POOWUTH
noBHUI 00ept HaBkomo 3emii 3a 100 xBunuH. [lpn npomy miaTpumka
3B’s3Ky Mik cymyTHukoM Ta [IC TpuBatume n0 10 XBWIMH, TOMY IS
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MTOAAJBITIOTO 3B’ 53Ky 3 HA3eMHHUMH CTAHITIIMHA HEOOXiTHE TEPEKITIOYCHHS
cuctem 3B 13Ky [1C Ha iHIIMI CYITyTHUK y 30HI BUAMMOCTI.

Oco0nuBOi yBard 3aciyroBy€ MICLETIONIOKEHHSI CYMyTHUKA BiAHOCHO
aboHeHTa, sike BuU3HauaeThes KyroM Micus (El). HaiiGinbima moTyxHicTh
curHana Ha BxoJi npuiimada B pagiokanani «[1C-IIC3» Oyne 3abe3mnedeHo
MpH 3Ha4YeHHi KyTa Micig 90°, a 31 3MEHIIIEHHSIM [OTO 3HAYEHHS 3B'S30K
Oyze noriprryBatucs. TakuM YWHOM MPH MAJIOMY 3HAYSHHI KyTa MicCIIs, SIK
npaBuiIo, 0 5°, CyNyTHUK He Oyae oOpaHO JUIsi BCTAHOBIICHHS 3B'SI3KY 3
IcC.

3aneXHiCTh €HEepPreTHKH JiHii 3B'SI3Ky BiJl KyTa MICISI MOXXHA TOSICHHTH
nBoMa (hakTopamu.

[epmum dakTopoM € Te, MO KyT MICIs BH3HAYa€ HAXWI MiJ SKUM
pamioxBWIi BXOAATH B aTMocdepy, a 3i 30UIbLIEHHSM LHOTO HAXHUIY
301IBIIyEThCS  JUIAHKA, HeoOXimHa Ui MPOXOMKEHHS aTMmocdepH,
BIJIIIOBIIHO 3aTyXaHHS TPH ii MPOXOHKEHHI 301TbITYETHCSI.

Jpyruii pakTop — KyT BXOAY CYIIyTHUKOBOI'O PaJiOCUT'HATY Y BEpXHi
apu atMocqepm.

Ky micns, El IPiBeHb CHIHATY Ha BXOII |[IOTyKHICTE CHIHATY HA BXOIL
npuiivaya, ABM npuiivasa, Br

0,05 -116,385 23-107%

14 -108,96 1,26-107*

235 106,92 2,03-107%
90 -100,8 8,255 10724

g =2 4
Puc. 2. 3anexHicTh eHEpreTHKH JiHIT 3B’ 3Ky BiJ 3HAYSHHS KyTa
Mmicus
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YK 004 (043.2)
0.0. Jomapaubkuii, B.B. AHTOHOB
Hayionanvnuti asiayitinuii ynisepcumem, m. Kuis

3AXUIIIEHA MEPEXA IP-TEJIE®@OHII

[P-teneoHist € OAHMM 13 TPIOPUTETHUX HANPSIMKIB PO3BUTKY
TeiaeoHHOro 3B’SA3Ky. 3 KOXHHUM POKOM KIUIBKICTh a0OHEHTIB, SKi
BUKOpHCTOBYIOTE [P-Tenmedoniro (VolP — Voice Internet Protocal) mms
MPOBENICHHS TOJIOCOBHUX IIEPeroBopiB, 30umblIyeThes. lle moB’s3ano,
HacaMmIiepesi, 3 MEHIIOK BapTICTIO Mepeaadi JaHuX 3a JOMOMOTOK0 Mepexi
Inrepret. Bixe He TiTBKM OKpeMi KOpUCTyBaui, ajie ¥ il MiANpHEMCTBA
HaMaraloThCsl BHKOPUCTOBYBaTH [HTEpHET K OCHOBHHUH 3aCi0 MIXKMiCHKOTO
3B’s13Ky. OCKIIBKH KOMepIIiitHa iHpopmMarris 3Bn4aitHo € KoH(DiIeHIIIHHOIO,
MUTaHHs OE3IEKH TaKOTo 3B’ SI3KY € Bce OLIbII aKTyaIbHUM.

Ha Bigminy Bix kmacuyHoi TenedoHii, 1e BUKOPUCTOBYETHCS KOMYTallis
kaHaiiB, [P-temedonis 0Oazyerbcs Ha MepexeBHX MPOTOKONAX 3
KOMYTAITi€l0 TakeTiB. Y Tmporeci mepemadi manux mo I[P-mepexi BoHH
MPOXOIATh Yepe3 MEBHY KUIBKICTh HEAOCTaTHHO 3aXMIICHUX CEPBEPIB, N0
TOTO X 3’€IHAHUX MIX cO00r0 HezaxulleHnMH kanaiamu. OmuouacHo IP-
TesedoHis MeBHUM YMHOM BIAPI3HAETHCS 1 B 3BUYAMHOI Mepeaayl HaHux
IP-mepexkamu. lle moOB’s3aHO 3 HEOOXIJNHICTIO BUKOHAHHS aHAJIOrO-
IU(QPOBUX TMEPETBOPEHb MaHWX B peaJbHOMY 4Yaci. 3Baxaloud Ha
HEOOXIMHICTh JOTPUMAaHHA BHMOT MIOZO AKOCTI 3B SI3KY, TaKi
MEePETBOPEHHSI, BKIIIOYAIOUYM CTHCKAHHS, MM(PYBaHHS Ta iHILIE., TOBUHHI
BinOyBaTuCs 3a MiHIMaJIbHO KOPOTKHH 4ac. Bix Toro, HacKiibKU icHyIOUi
CHCTEMH BIAINOBINAIOTH YCIM IIMM BHUMOTAaM, 3aJIe)KaTh, 3HAYHOIO MIpOIO,
MEPCIIEKTUBY TIOJANBIIOT0 po3BUTKY [P-Tenedomnii.

Bce ne mnokasye, mo IP-tenedonis € mepcrneKTHBHOIO, LIBHIKO
PO3BHBAETHCS IIOCIIYTOI0 TEIEKOMYHIKallil, sKa Oyae IOCTYHOBO BUTICHATH
TpaguiiHI TeneOHHI TEXHONOTII 3 JeIKHX CErMEHTIB PUHKY 1 B MEpIIy
4yepry, KOPIOPAaTHBHOTO, 3alliKaBJICHOIO Y CTBOPEHHI HEIOPOTHUX B
eKcrutyaramnii BiacHHX TenedoHHHX wmepex. Cucremu I[P-temedonii B
JTAHWH 9ac 3aCTOCOBYIOTHCS OpraHi3aIlisiMU caMUX Pi3HUX (OPM BIACHOCTI
Ta HaMpsAMKiB JisuibHOCTI. O60poT Kamitany [P-tenedoHnii 301nbIIyeThCst HA
30%, a 3a neskumu Hanpsimkamu 1 Ha 50% B pik. TexHonoris [P He Tinbku
BOJIOZIi€ IIBHIKOI OKYIHICTIO, @ ¥ TPHHOCUTh 3HAYHWA MPHUOYTOK
oprasizamisiM, B KHX BOHa Oyja BIIPOBADKCHA, 332 PaxXyHOK ITiIBUITICHHS
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SIKOCTI 00CITyTOBYyBaHHS aOOHEHTIB, IMABWINEHHS €(EKTHUBHOCTI pOOOTH
CHiBPOOITHHKIB.
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Puc.1. ApxiTektypa 3axuIeHoi Mepexi

VY naniii po6oTi Ha OCHOBI TeXHONOTii AAA TIOPIBHSHO MPOTOKOIHU
ayrentudikarii TACACS + i RADIUS. Ilicist gocmikeHHsS TPOTOKOJIIB
ayTeHTU(}iKallii, OJHI€I0 3 OCHOBHUX CKJIAJOBUX 3aXHIIEHOCTi, 3pOOJICHO
BHCHOBOK, IO B a/IMiHICTPaTHBHUX MepexXax s 3aXUCTy iHdopmartii
Kpaie BukopuctoByBatr nmpotokonl TACACS+, BpaxoByt0dl 0COOIUBOCTI
KOXHOT  Mepexi. Jlng  wmepexi  Outeiioro  Macmrady — Kpaiie
BHUKOpHCTOBYBaTH npoTokos RADIUS.

Y pobGori mpoBemeHo  Kimach(ikalito  3arpo3  IOPYIICHHS
KOH(GIACHIIHHOCTI y KaHaJlaX TeJeQOHHOTO 3B’SI3Ky Ta 3aIpOIOHOBAHO
METO/IOJIOTII0 YCYHEHHSI HECAHKI[IOHOBAHOTO 3HATTS iHPoOpMaIii.

KommnekcHe BHKOpUCTaHHS DALY MEPETiuyeHHX TEXHIYHMX 3aco0iB
JIO3BOJISIE 3aMI00IrTH BUKOPUCTAHHIO KaHANIB 3B 3Ky JIJISI IMiJICTyXOBYBaHHS
Tene()OHHUX PO3MOB Ta IMPOCIYXOBYBAaHHS NMPHUMIIIEHb, Yepe3 sIKi BOHU
MPOXOISATb.
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CUCTEMA 3AXUCTY IHOGOPMAILII IIM®POBOI ATC

B cBiToBOMy peHTHHTY HaiOIIbII TEXHOJOTIYHO €MHHUX HAIPAMKIB
IUSIBHOCTI CYy4YaCHOTO CYCHUIBCTBA IO TPaBy IMOCITAE MPOBIAHE Micie
ranmy3p TeleKoMyHikamid. CBIiT NepeKuBae CIpaBXkHiid OyM po3poOku Ta
BIIPOBAPKEHHSI BCE HOBWX 1 HOBHX METOIB Ta TEXHOJOTIH Tepenadi Ta
00poOku iH(popMarlrii, pe3yibraToM Yoro 3a octanHi 10-15 pokiB €
rio0aizaifisi TEICKOMYHIKAI[IHHMX MepeX, CTHUPaHHS HaliOHAJIBLHUX
KOPJIOHIB Ta CTBOPEHHS €IMHOTO CBITOBOTO iH()OPMAIITHOTO IPOCTOPY.

JlaBuHOTIONIOHE 1 PEBOJNIIOININiHE BIPOBAPKEHHS  PI3HOMAaHITHUX
TEXHOJIOT1H B METOJM Ta TEXHOJOTii mepenadi Ta oOpoOku iHdopmauii B
TEJIEKOMYHIKaiHHUX ~Mepekax, 3MYIIyIOTh MPHUHIHUIIOBO I0-HOBOMY
PO3TISAATH POJIb Ta 3HAYSHHSI TEXHIYHOTO 3aXHCTy iH(pOpMaIIii.

Y3aranpHIOIOHUOI0 HA3BOIO TAKUX MEPEeX 3B‘S3KYy JAEp’KaBHUX BiIOMCTB
Ta HEACP)KaBHHUX CTPYKTYp B CydyacHid TepmiHojorii € Bimomui abo
KOPIOPaTHBHI TeJeKOMYHIKaIiiiHi Mepexi (Mepexi 3B°sa3Ky). IX Texmiumy
OCHOBY TPAIMIIMHO CKJIaJal0Th KOMYTAIliiHI CHCTEMH, peaii30BaHi B
BupoOHu4o-BinoMunx ATC, i came ToMy BOHHU € OfHi€l 3 OCHOBHHX cep
YBaru CUCTEMH TeXHIYHOTO 3aXHCTy iH(opMarllii B YKpaiHi.

B migrBepmxeHHs 1poro 3a3HaueHa KoHueniis cepes OCHOBHUX 3arpo3
iHpopMarliiHiii Oe3reri 0co00 BimMmivae, M0 "KOMyTalliiiHe 00JaJHAHHS
1HO3eMHOI'0 BHPOOHHWITBA, SKE& BHKOPHUCTOBYETHCS Y Mepexkax 3B SI3KY,
rependadae TUCTAHITIMHUN MOCTYIT A0 HOTo amapaTHUX Ta IPOTPaMHUX
3aco0iB, B TOMY 4YHCII 3-32 KOPAOHY, IO CTBOPIOE YMOBH JUIS
HECaHKI[IOHOBAHOTO BIUIMBY Ha iX ()YHKI[IOHYBaHHS 1 KOHTPOJIIO 3a OpraHi-
3alli€l0 3B 3Ky Ta 3MICTOM IOBiJIOMJICHb, SKi IEPECUITAOTHCS .

AKTyaJIbHICTh pOOOTH BU3HAYAETHCS HACTYITHUMHU (haKTOPaMH:

1. HopmartuBai pokymeHnTn cuctremu T3] B VYkpaini, skumu
BH3HaueHa weroxosoris crtBopeHHs cuctemu 131 I[ATC 1 ominkn
3axuieHocTi ii iHdopMariii-HuxX pecypciB, BIpoBamkeHi B 90-x pokax
MUHYJIOTO CTONITTS. 3a mepiox Mmaibke B m‘sTh pokiB TexHonorii LIATC
PO3BUBAINCh BKpail JUHAMIYHO, BHACHiJOK dYoro TtpaaumiiHa ATC
MepeTBopuiach B KOMyTallifHy miatdopMmy, Ha sKkiii  GopMmyeTbes
PO3TATy’)KCHHI KOMIUIEKC IPOTpaMHO-alapaTHUX arvIikamii i mudpoBoro
aboHEHTChbKOTro cepBicy. Jlo Takux pilleHb, SKi CTald CKIAJ0BHUMU
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komroHeHTamMu [IATC 3a 3a3HadeHwil mepiom, TMEpmr 3a BCe MOXKHA
BimHecT TieHTpu 00poOkm BukimkiB (Call Center), cucremm 00poOKu
aOOHEHTCHKHUX TOJOCOBUX, CNEKTPOHHUX 1 (PaKCHUMINBHUX MOBiJOMIICHB,
0e3npoBooBUi aboHEHTChKUI paniogoctyn B crannapti DECT.

Onnak, 1ieit po3sutok TexHoorii LIATC moku mo He 3HAMIIOB CBOTO
BinoOpaxkenus B HJ CT3] B  Vkpaini. Sxmo  po3BHTOK
TEJEKOMYHIKAI[iHKUX 1 iHQOPMAIITHIX TEXHOIOTIH e MUITXOM PO3POOKH
1 BIPOBA/DKEHHS IHTETPOBAHUX pIllleHb, TAKUX K, HANPUKIIAMA, AardTiKarii
komr‘totepHo-Tenedonnoi iHrerpamii (CTI), To 8 HA CT3I ui TexHomorii
€ TpeAMETOM JBOX CaMOCTIHHMX 1 HECYMICHHUX HANpSMKIB 3aXHCTY
iH(bOpMaIIil B KOMIT IOTEpHOMY 1 TeJIeKOMYHIKaIiifHOMy 00J1alHaHHi.

2. Cran HopMatuBHOI 0a3u cuctemu T3I B Ykpaini 6e3mocepeaHno
BIUIMBaE Ha edekTuBHiCTh aepxkaBHoi ekcneptmsu CT3I HATC i ii
CIPOMOJKHICTD 3a0€3MEeYUTH BIACHUKIB KOPIIOPATHBHUX MEPEX 3B SI3KY
BHUEPIHOIO iH(popMartiero mono pearnizoBanoi B LIATC cucremu T3I i
OpraHi3aliifHO-TeXHIYHUM 3aX0J[aM 10 YCYHEeHHIo "cnabkux micup" B Hil,
0co0JIMBO 32 YMOB BHKOPHCTAaHHS PI3HOMaHITHHX HPOrpaMHO-alapaTHUX
ammikamii HATC.

3. BwusHaueHHs MeTOJIB i HampsiMKiB TexHiuHoro 3axucty LIATC
YacTO BIJJOKPEMJIIOETHCS BiJl TEJEKOMYHIKamiHHUX 1 iHQOpMaIiifHUX
TEXHOJIOT1H, 3 SKMMH BOHH B3a€MOIIIOTH B KOPIIOPATHBHUX MEPEXax
3BA3KY 1 4epe3 AKi MOXYTh pealli3oByBaTHCh iH(OpMaIiiiHi aTakd Ha
LATC.

4. Ha TtemepimHiii 4yac, B TeXHiyHil mitepaTypi (y BIIKpHTIH i
CrertiaabHii) MPaKTUIHO BIACYTHI MyOJiKamii 3 BUKJIAICHHSM TPHHIIAITIB
moOynoBu cucremu 131 HATC, sxi Oynamr 6 yB‘s3aHHH 3 TEXHIYHOIO
pearizamielo amapaTHO-IPOrpaMHOi TOOYJOBH KOHKPETHUX MOJeNel
HATC. lLle 00‘€KTUBHO OOIPYHTOBYETBCSI Cepell IHIIOTO 1 THM, IIO
BUpoOHUKH IIATC mpakTHYHO HE PO3MOBCIOKYIOTh HEOOXIAHUH I
nporo neramizoBanuii omuc KommoHeHTiB I[ATC, ocobnmBO THX, IO
6e3nocepenaro Gopmyrors CT3I LIATC, i He 3amikaBiieHi y HasSBHOCTI Y
BIIKPUTHX JDKeperax iHdopmarii moao iXHpOI KOPIOPAaTHBHOI MONITHKA
Oe3nekw, 1o 3HaxoauTh peartizaiito B CT3I LIATC.

B wiit po6oTi pobuthcs cnpoba BH3HAYMTH CydYacHi iHpopMaliiiui
3arpo3u koproparuBHUM IIATC 1 Meromu mpoTHIii HUM Ha TiACTaBi
aHamidy, B OCHOBHOMY, amapaTHO-IpOTpamMHOi MoOyIoBH IH(POBOL
TEJIEKOMYHIKaiiHOI CHCTEMH.
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MOJEJIb BE3IIPOBOJOBOI'O JOCTVYILY 10
TEJEKOMYHIKAHIMHOI MEPEXKI 3A TEXHOJIOTI'IEIO
WIMAX

MopnentoBaHHsT — 1€ OJWUH 3 HAWMONMIMPEHINIMX METOMIB pIllleHHS
3aBllaHb, TPU BUKOPHCTaHHI SKOTO AOCHIKyBaHa CHUCTEMa 3aMiHIOETHCS
OiNIBII TPOCTUM 00'€KTOM, 3BAHOIO MOJEILTIO, 1110 OTIHCYE PEANbHY CUCTEMY
3 TOYKH 30py JOCHTIHKYBaHUX KPUTEPIiB 1 XapaKTEPUCTHK.

MopenfoBaHHS 3aCTOCOBYETHCS Yy BHIIQJKaX, KOJIH TIPOBEIEHHS
EKCIIEPUMEHTIB 3 PEAIBHOI0 CHCTEMOI0 HEMOXXJIMBO ab0 HEIOIUIHHO:
HaNpHUKIaA, 3 TPUUYUHA KPUXKOCTI a00 JOpOXKHEYi CTBOPEHHS MPOTOTHITY
ab0 3-3a TPUBAJIOCTI MPOBEAEHHS EKCIEPHUMEHTY B peajbHOMY MaciiTadi
Jacy.

Oco0aMBMM BHIOM MAaTeMaTHUYHHUX MOZEIEH € IMiTamiiHi moxeii. B
OUTBIIOCTI BUMAJAKIB MPOEKTyBaHHS Mepex WiMax € MocuTh CKIIaJHUM i
HEOJTHO3HAYHUM Tpo1iecoM. Po3paxyHOK MOKPUTTS BiIOYBAa€ThCS Ha OCHOBI
BUMIPIOBaHb PIBHS 3aBaji Ha MICIEBOCTI, IO MOTPEOy€E 3HAYHUX BUTPAT
KOIITIB Ta yacy. B maHili poOOTi IpOMOHYETHCSI METOJL OL[IHKH TTapaMeTpiB
cuctemu WiMax Ha OCHOBI MaTeMaTW4HOi MOJelNi, CTBOpEHOi B
cepemoBumti cuctemu MatLab. Jlanuii MaremMaTwdHWi amapar, B IesKiit
Mipi, MOXKE TIOJISTIIMTH MOpPOLEC PO3PaxyHKy MOKpUTTS. Komm'iorepHa
Simulink-mMonens npeAcTaBAsSETECS Yy BUTIISAA OJIOK-CXEMH, IO MICTHTh
THTIOBI (DYHKITIOHATHHI OJIOKH CHCTEM YIIPAaBIiHHS Ta KEPOBAHUX O0'EKTIB.
B O6moxm BKITIOYEHI KOMI'IOTEpPHI MpOTrpamMu, OOYHCIIOIOTH MaTeMaTH4HI
¢ynkuii. 3HaukM Ha OJOKaX MPEACTABISAIOTH (GOPMYIH aHATITHYHUX
BHpa3iB mepeAaTHUX (YHKIN SK BiAHOIICHHS BUXigHOI iH(popMarii mo
BXIHOI.

B pmaniii poGOTI pO3rNSAHYTO AaKTyanbHi mnpoOieMu onHiel i3
HaliCy4JacHIIINX MIMPOKOCMYTOBUX pamioTexHoiorii — WiMax. OcHoBHa
yBara MpHUIUBIIACH OIIHII (aKTOpiB, MO BIUIMBAIOTH Ha paaiyc mii
cucremu. byno HaBeneHO /Bi OCHOBHI CTpaTerii MOKPUTTS TEPUTOPIi — Ha
OCHOBI MaKCHUMajJbHOI TYCTHHM TIOTOKY JaHWX Ta Ha OCHOBI
MaKCUMaJIBHOTO  TOKPUTTS  TEPHUTOPil, cepem  SKUX  CTpaTerisd
MaKCHUMAaJIBHOTO TIOKPHUTTS TepuUTOpii Oyna BHOpaHa, K ONTUMaTbHA IS
TepuTopii YKpaiHu.
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Cepen OCHOBHHMX YHMHHHKIB, IO BIUIMBAIOTH HA NMaIbHICTH Iepemadi
iHbopMariii, OyJau OKPeMO PO3IJISAHYTI BIUIMB BUIY MOJIYJIALII, YyTAUBICT
npuiiMaya, KoeQilieHT CUCTEMHOTO IiACWICHH, BIUIMB iHTepdepeHii Ta
pan iHmux QakropiB i mapamerpiB. Uepe3 HEMOXKIHMBICTH JOCHIHKEHHS
peasibHOI CHCTeMM Iiepejadi MmoOyJI0BaHO Ta HAJAIMNTOBAHO IMITAIlIAHY
MoJens (i3UYHOTO piBHSA OE3MPOBOJOBOrO JIOCTYITy 332 TEXHOJIOTIEHO
WiMax B cepenoBuiui MatLab.

Blodk
Encodar

Conwolutional Infereaver odulator Homalize OF DN Transmitter

Eneoder

After Pulse Sh
BER Restilts: Chaniiel Bits (encoded) s

BER
T Euror Rate

o Calcalation ) Erers Count

205264005 | | samples Court

Racaived Daay =0

Feceived DeRandomizer Blod Viterbi Deinterleaver  Demodulater  Denormalize OFDM Receiver
Data Decoder Decodar Data

Puc. 1. Maremarnyna imitaniiina monens crangapty IEEE 802.16
Ha ocHOBI MeToty WirelessMAN-OFDM
TakuM 4MHOM, B paMKax JaHOi poOOTH MaricTpa MIIaHYEThCS MPOBECTH
MOCHi/DKeHHS ToOy/MoBaHOI  iMiTariiHOi Mozenmi  (i3wyHOTO  piBHA
0e3MpOBOJIOBOTO JIOCTYITY 3a TexHoJoriero WiMax.

Cnucok Jitepatypu

1. TenexkomyHikamiiiHi Ta iHpopmauiiini Mepexi : [ligpyunuk [mis
Bunux HaBuanbHuX 3aknaniB] / ILII. BopoGienko, JI.A. Hikitrok, ILI
Pesniuenxo. — K.: CAMMIT-Kuura, 2010. — 708 c.

2. WIMAX — texHonorus OeCHpPOBOIHON CBSI3U: OCHOBBI TCOPHH,
crangaptsl, npumenenue / B.C. CroBatkun, B.M. Ecunenko, 1.I1. KoBanes
Ta iH.; mox pex. B.B. Kpeiosa. — CII6.: BXB-IletepOypr, 2005. — 368 c.

3. Bummnerckuii B.M. Dunuknonenus WiMAX: Ilyte k 4G/ B.M.
Bumnesckuii, C. JI. [Toptraoii, U.B. Illaxaosuu. — M.: Texnocdepa, 2010.
—-472c.
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CUCTEMA HIHPOKOMQBHOT BATATOKAHAJIBHOI
OB’EKTHO-OPIEHTOBAHOI JOCTABKHA BIJEOKOHTEHTY B
MOBIJIBHUX MEPEKAX
[Ipobnema eeKkTHBHOI JOCTaBKH Bile0 KOHTEHTY € aKTYyaJIbHOIO 3a7adyero
ceorofieHHs. besaporoBi MoOinbHI Mepexi (WMN) y mnopiBHSHHI 3
CTPYKTYpPOBAaHUMH KaOEJIbHUMH CHUCTEMaMHM, CTalOTh IEPCHEKTHBHUM
pillIEHHAM JUIS IIMPOKOCMYIOBUI JOCTYIy 3aBISKHM CBOIM TI'HYYKOCTI Ta
JIOCTYIHOCTI Yy 3aJlyuyeHHI BEJIMKOI KUIBKOCTI KopHucTyBauie. ¥ WMN
oprani3oBaHi [HTepHET-IITI03H, MapIIPyTU3aTOPH Ta BY3JIH KITI€HTA.

[loTokn pmaHuxX MapHUIpyTH3YIOTBCA MDK KIIEHTaMH 1 IIII03aMH 13
BUKOPHUCTaHHIM 0e3pOoTOBOTO 3B’s3Ky B pexumi multi-hop. T'omoBHIM
BUKIUKOM i WMN € HalaHHS TIATPUMKU MYJIBTHKACTY JOJIaTKaM, SKi
MOUIMPIOIOTECS. B [HTEPHETI MPOTITOM OCTAHHBOTO NECATWIITTS. Jlo HHX
BiJTHOCATH BiJIeOKOH(EPEHIIii Ta MOTOKOBE NiepeaBanHs MeiadaiiniB. Taki
JOJAaTKU 3a3BMYail OOCIYyroBYIOTh BEJIHKY KiJIBKICTh KOPHCTYBadiB i
CIOYKUBAIOTh BUCOKY IPOITYCKHY 3IaTHICTh MEPEXKi.

Jns  BupimenHs 1€l TpoOIeMH CHOYATKy CQOPMYJIIOEMO MOMAECIH
ONTUMAJIBHOI CHCTEeMH Hepenaui MynabTHKacTy B WMNs, 3 MynbTH-
IUTI03aMH 1 MyJbTU-KaHanamu. llepenbavaeTbcs ABI pi3HHX TEXHOJOTII
(i3nyHOTO piBHSA UIA BHOOPY CMYTH YacTOT B KaHaI, MIPEJICTaBICHI JBOMA
BIIIIOBITHUMY MOIEJISIMU.

[Tepmra Mopmenb 0Oa3yeThCs Ha THYYKHX Jiala3oHaX dYacToT (3MIHHHX
9acTOTax), K MepeadadeHo B MPOrpaMHO-KOH(IrypoOBaHUX PajliOCTAHIIISNX
SDR. Ils inmeanpHa Mopenb pajaionpuiiMadiB 3a0e3nedye ONTUMAalbHY
MPOITYCKHY 34aTHICTh MYJIBTUKACTY, SIKa MOXe OyTH 00UUCIIeHa camMe Yepes
KJIACUYHY [IEPBUHHO-TIO/IBIHY CTPYKTYpPY OIITHMI3alii.
Jpyra Mopenb JOCUTh CXOXKa, aie poOuTh OLIbII peamicTUYHUM
MIPUITYIIEHHS MIOA0 YacTOTHHX JMiana3oHiB cydacHoro craHmapty IEEE
802.11: xoxxHa nepenaya Mae BUKOPUCTOBYBAaTH OAMH 3 13-TH monepeaHbo
BU3HAYCHUX KaHAJIB.
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JBi obmacti moTreHmiany € (yYHOAMEHTAIbHAMH IS HAIIOTO
¢opmymoBaHHS ~ TpoOJIeMH ~ MyNBTHKAcT  Iepenadi: KaHaly Ta
MapuipyTtu3anii, Ha piBHi MAC / PHY i1 MepexeBoMy piBHiI BiAIMOBITHO.
O6nacTs KaHay BH3Ha4Ya€e HaOip, TakWi, 0 MPU3HAYEHHS KaHATY MOXKE
MiATPUMYBAaTH 3IaTHICTh BeKTOpa mocuiaHHs. OOiacTe MapuipyTu3amii
BU3HAYa€ Ha0lp Takui, IO BEKTOP MPOIMYCKHOI 3JaTHOCTI  MOXKe
HiITPUMYBATHCS IIBUIKICTIO NOTOKY. Hampukian, aBa perioHu He MaroTh
0e3rmocepeJHbOTO  BITHOIIGHHS [0 3arajbHOI CTPYKTYpH ONTHUMi3amii
BIJIITOBITHO, JIe¢ MU BUOMPAEMO ONITUMAIBHI PIIIEHHS 3 KOXKHOTO PETiOHY.

[IpomyckHa 3maTHicTh OaraToaapecHoi mMepeAadi JUId KOXKHOTO CEaHcy
BUMIPIOETHCA SIK MIBUIKICTh NMPUIOMY JaHUX Ha MpHiiMadax Ta piBHI A
mpuiiMadiB Mg wac opxniei ceciro. OcHOBHe (i3WyHEe NPaBUIIO, SKE
BCTAHOBJIOE 3BSI30K MDK 0O0JacTIO MapmipyTw3aliii i 00JacTio KaHay
MOJISITa€ B TOMY, IIO arperoBaHi MIBHJIKOCTI MOTOKY JaHWX MOBHHHI OyTH
oOMekeHi BiNOBIAHUM TOCWJIAHHSAM MOTyKHOCTeH. Kpim Toro, mm
JMOTPUMYEMOCS yYMOBH Yy MOJICIIOBAHHI MPOMYCKHOI CHPOMOXHOCTI, 1
NpUAMaoTh MapajenbHy (QYHKLOIOHAJIBHICTE YTWIITH sl MPOITyCKHOI
3IIATHOCTI CEaHCy.

Bararoangpecni mporpamu MmoTpeOyIOTh BHCOKOi NPOIYCKHOI 3JaTHOCTI.
Bynmu npuiiHATI 1OBI METOAMKM NPOEKTYBaHHS CHUCTEMH: BBEACHHS
MHOXMHU MEPEXKEBHX IUIIO3IB Il 3MEHIICHHS MPOOJIeMH 3 BY3bKHM
MICIIEM IIUTIO3y 1 BUKOPUCTAHHS JEKIIbKOX OE3JApOTOBI KaHaIu JJis
00opoThOHM 3 TpoOIEMOI0 30UMBIICHHS €(QEeKTUBHOCTI JIOCTaBKH BiJeO
KOHTEHTY. 3arajbHa CTPYKTypa pILlleHb € MEPBICHO-NOIBIIHOIO CXEMOIO,
3aCHOBAHOI0 Ha (DOpPMYIIFOBaHHI MOJEII ONTUMAJBHOI CUCTEMHU Iepenadi
mynbTukactTy B WMN. [loBTroproBanbHUil mepexii MiXK BHpILLICHHSAM
MIEPBUHHOI MPOOIEeMH AJI PO3IMOMAINY KaHATIB 1 MapmIpyTH3amii Tak K i
MTOABIfHE OHOBJICHHS 3MIHHOI ITOCTYIIOBO MPOTPECYE IO ONTHUMAIBHHUX ab0
NpUOIU3HO ONTHMANBHUX PillleHb. Pe3ynbTaT MOAEIIOBaHHS i ATBEpAUIH
3alpOINOHOBaHI PillICHHA B MPOITYCKHIM 34aTHI BUPIIITMTH BHIIEC BKa3aHi
mpoOieMHu, AKi  CIOCTepirajucss TpH  NPAMOTIHIMHMX — mixxojax
OararokaHanbHOI MyJIBTHKACT Iepeaayi.
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AHAJII3 TEXHOJIOT'TH U151 HIOBY 10OBU
«PO3YMHOI'O» BYIUHKY

Cucrema «Po3ymuuii» OyauHOK Tmepefdadae HOBHM Miaxix B
oprasizamii JKHTTENISIBHOCTI B OyIWHKY, TpH SKOMY, Ha OCHOBI
KOMIIJIEKCY BHCOKOTEXHOJIOTIYHOTO OOJagHAaHHS, CTBOPIOETHCSA €IWHA
ABTOMATH30BaHa CHCTEMa YIPAaBIiHHSI, 10 JO3BOJSE 3HAYHO 30LIBIIATH
eeKTUBHICTh (YHKLUIOHYBaHHS 1 HAAIMHICTD YNpPaBIiHHS BCIX CHCTEM
KUTTE3a0€3EUCHHS.

Iateprer peuett (IP, amrm. - IoT) - 1me KoOHIeMIIis MPOCTOPY, B
SAKOMY BC€ 3 aHaJIOrOBOTO 1 IM(POBOTO CBiTIB MOXke OyTH moenHane. Kpim
OBOrO L€ TICHAa IHTerpamisi BipTyaJbHOTO 1 pEaJIbHOrO CBIiTiB, 1€
BiOyBa€eThCsl "CIIIKYBaHHA" MIX JIOABMH 1 TPUCTPOSIMH. 3TifHO 3
KoHIerniieto IP, pedi, siki 0TOYYIOTh HAC, 3B'SI3yIOTHCS MIXK COOOI0 B €JUHY
MEpexXy, MOKIMKaHy 3a0e3NeYdTd MaKCHUMajlbHUH KOM(OpPT MOguHI i
€KOHOMIIO EHepropecypciB.

[pu anamizi Oyni NMoOpiBHAHI 3 HAWOUIBII MOMYJSIPHI TEXHOJOTIT

0e3npoBiaHol nepenayi nanux — ZigBee, Wi-Fi ta Bluetooth.

Taomu 1
[opiBHSHHS TEXHOJIOTIH epenayi TaHux
TexHoJoris nepenaui Zigbee (IEEE Wi-Fi (IEEE Bluetooth
JAaHHUX 802.15.4) 802.1 1b) (IEEE 802.15.1)
YacToTHHII Kiama3oH 2,4-2.483 I'T'1g 24-2483 1T 2,4-2.483 I'T'1g
IIponyckHa 31aTHICTB, 250 11000 723,1
K0iT/c
Po3mip cTeky 32-64 Binpme 1000 Binpme 250
MPOTOKOJY, KOAHT
Yac 6e3nepepBHOL 100-1000 0,5-5 1-10
podoTH Bix 6aTapei, aui
MakcumanbHa 65536 10 7
KiJIbKicTh BY3J1iB B
Mepexki
Hiana3on aii 10-100 20-300 10-100
I'amyss 3acTocyBaHHS Juncranmiinmii Ilepenaua 3amina
MOHITOPHHT Ta MYJIBTUMEIIHHOT IIPOBOJIOBOTO
yIIpaBJIiHHS iHpopMmarii 3’€IHaHHA
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3 oMy Ha TIPenCTaBiieH] aHi MOPIBHAHHS OCHOBHHX TTapaMeTpiB
0€3IpOTOBUX TEXHOJIOTiH OyJ0 BH3HAYCHO, IO ONTHMAJIBLHAM CTaHIAPTOM
i moOynoBu po3ymHoro OymuHky € cranmapt IEEE 802.15.4 Takox
Bijomuii sik (ZigBee), TomMy 0 BiH BHKOPHCTOBYETbCA B Pasi, KOJIU
CTaBHUTHLCS 3aBJaHHS BCTAHOBICHHS 3B'SI3Ky MK aBTOHOMHHMMHU TPHIIaJIAMH
TOJIOBHOMY TIpUCTpoi. BiH Bu3Hauae cxemy poOOTH Ha (i3WYHOMY piBHI
(PHY), i ma piBui ympaBminas poctymom (MAC), i Hagae mHMpOKi
MOXKJTMBOCTI IO MIATPUMIII PI3HUX TOMOJOTIH Mepex. 30epeKeHHsT eHeprii
3a0e3Meuy€eThCs PI3HUMH CXeMaMU MEepeKeBOi MapLIpyTH3alii, a HassBHICTb
KITBKOX MapIIpyTiB 1O KOOPAWMHATOPIB Mepexki, 3ade3medye poOoTy
MepeKi, HaBiTh MPH BHUXOAI OMHOTO 3 KOOPAWHATOPIB 3 namy. DizumaHuit
piBeHb ZigBee cTexxuTh 3a piBHEM €HEprii B By3/laX, a TAKOXK MPOBOAUTH
OIIIHKY KaHaJIB, JJs OUIBII JOCTOBIpHOI 1 Oe3mepebiiHOI KOMYyHIKaIlii.
PiBeHr mocTyrry m0 Mepei BIiATIOBiAa€ 3a aBTOMATHYHE MiITBEPIKCHHS
OTPHUMAaHHS TAKETiB, a TAKOXK CTEKUTHh 3a TUM, 1100 MaHi IepenaBainucs B
neBHi uacosi iHtepBamn. Y MAC piBHi ZigBee € MoxmuBicTH
BukopuctoByBatu Wi-Fi abo Bluetooth xaHamu, SKII0 BOHU BUSIBISTHCS B
MeXKax JOCSKHOCTI.

HesBaxkatoun Ha mpuBaOIMBI MOXKIMBOCTI TexHosorii ZigBee,
HEOOX1THO peTeNlbHO BPaxyBaTH KUTbKa (PaKTOpiB, MEPII HIXK 3YMHHUTHCS
Ha ii BuOOpi. OCHOBHHM (aKTOPOM € MOKJIHUBICTH B3aEMOIIi, KOJIH
HEeoOXiHO 3a0e3MeUnTH 3B'SI30K MPOCKTOBAHOTO MPOAYKTY 3 MPUCTPOSIMH
IHIIUX BHUPOOHMKIB. B iHmIOMY BUmagKy B LIAX €KOHOMii MOKHa
peamizyBaTH opwuriHambHe pimeHHs. Ciix Takok MaTH Ha yBasi, IO
KOOPIMHATOP 1 MAapUIPyTHU3aTOPH 3aBXKIW TOBUHHI OyTH BKIIIOYEHI,
HACTIHHO PEKOMEHAYETHCS MiJKITIOYUTH iX IO CHEpProMepexi. Ane BelIHKa
nepeBaroro Li€i KoHGirypauii mojsrae B MOXJIMBOCTI 3A1HCHIOBATH OOMiH
aHUMU MiX TOYKaMH 33 JOTIOMOTO0 0araToiHTEpBAIBHHX JIHIH 3B'S3KY
BUKOPUCTOBYIOYH KOMipKOBI TOIOJIOTI.

B pesymerari Oymo BcraHOBieHO, mo cranaapT ZigBee sBmse
co00r0 Iy)Xe MIMPOKHI IHCTPYMEHT sl CTBOPEHHS 1 OOCIyroByBaHHS
HEOpOTHX Oe3pOTOBUX MEpeX 3 Jy)KEe HHU3BKUM CIIOKUBAHHSIM
MOTYKHOCTI 1 pizHOMaHiTHUMHU (yHKUissME. [IpucTtpoi ZigBee mMaioTs myxe
HU3bKE EHEProCIOKHWBAaHHSA 1 HEBENNKY TNOTY)XHICTh, TOMY HIBHIKICTh
repenadi JaHWX HEBEJIMKa, ajie CIIY)KaTh TakKi BY3JH JOCHTH JOBTO 1 HE
BHUMAraroTh NOCTI{HOTO KUBJIEHHS BiJl MEPEXKi.
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CUCTEMA 3B’A3KY MICTA HA IIVIAT®OPMI SURPASS hiE9200

Ha crorogni 3HauHa KUTBKICTH OMEpaTOPiB 3B’SI3KY Mae€ JOCUTh

PO3BUHEHY 1HPPACTPYKTYpY JUIs noOyJI0BH CTaHOBJICHHA
TeJeKOMYHiKaIliitHoi ramy3i. [HppacTpykTypa BKIO4ae B ceOe IMEpBHHHI
MEpeXi, B OKPEeMHMX BHIAAKaX MEpeXi MJOCTylly 1 TPaHCHOPTHY
1HppacTpyKTypy. 3aBIsSKH IMM yMOBaM TPaIUWIiiHi MTOCIYTH 3B’ 53Ky, TaKi
AK Joctyn B IHTepHer, TenedoHis 1 Tak Jani, MIBUAKO BTPAyaroTh
MpUOYTKOBICTh, B PE3yJbTAaTi YOTO PO3BUBAETHCS KOHKYpEHTHA OOpOTHOa B
yCiX CerMeHTaX PUHKY 1 Takii CHUTyaIlii HEMUHYYOTO 3HIDKCHHS TapHu]iB.
s oTpuMaHHS TOXOZIB HA PUHKY ONepaTopd 3000B’sA3aHi BBOJUTH HOBI,
BHUCOKONPHOYTKOBI MOCIYTH 3B 53Ky i, 10 HE MEHII BAXKJIMBO, PO3AUISTH
BXK€ HasBHI TIOCIyTM BiJ] AaHAJOTIYHWUX TPOIO3UII KOHKYPEHTIB.
BupimeHHss mbOro MOXIUBO IIUISIXOM YAOCKOHAJICHHS XapaKTEPUCTHK
MOCIYT KOPUCTYBadYiB, IO HANAIOTHCS, JOJaBaHHSI €()EKTUBHUX OMINH i
BapiaHTiB X BUKOPUCTAHHS.
NGN (anrn. Next Generation Network - Mepexi HACTYITHOTO TIOKOJIiHHS) -
e MyJIbTHCEpBICHA Mepeka 3B'SI3Ky, sApoM sikoi € omopHa IP-mepexa
(arrm. Internet Protocol - Mi>kMepexeBHil MPOTOKOI), IO MATPUMYE TIOBHY
ab0 YacTKOBY IHTETpAIlif0 MOCIYT Mepenavi JaHWX, MOBH 1 MYyJIbTHMEIia.
3niACHIOE PUHIIMIT KOHBEPTESHIIIT TOCIYT 3B'S3KY.

Ha cporognimHiii 1eHb, OCHOBHMM NPHUCTPOEM AJsI TOJOCOBHX
mociyr B Mepexax NGN e Softswitch - Tak Ha3WBaeTbCs MPOTPAMHUI
KoMyTaTop, skwmid yrpasise VolP (amrn. Voice over IP; IP-tenedomnis -
cucTeMa 3B's3Ky, 0 3a0e3neuye mepenadyy MOBHOTO CHUTHAITy IO MEpexi
Iarepuer abo mno Oyap-skum iHmmMm [P- wmepex) cecisimu. Takox
BOKJIMBOIO (PYHKIIIEI0 MPOTpaMHOTO KOMYTaTopa € 3B'SI30K Mepex
HacTynmHoro TokoimiHHA NGN 3 iCHYIOUYMMH TPaIulliiHUMH MepeKaMH
TM3K, mocpencrtBam curHampHOTO (SG) 1 Memia-nmmo3ie (MQG), sxi
MOXYTbh OyTH BUKOHaHi B OJHOMY IPHUCTPOI.

SURPASS hiE 9200 no3Bonsie 00'eqHaTH BIACTHBOCTI MeEpex
nepeaadi MOBH, IO MiATPUMYIOTh IIUPOKHHA CIIEKTP MOCIYT, 3 TiepeBaraMu
apXITeKTypH TIaKETHO-OPIEHTOBAHOI MepeXi HACTYMHOTO MOKOJIHHSI
(NGN). V mi#i cucremi TIpencTaBiicHa YHIKaJIbHa KOMOiHAIlisl HOBITHIX
KOMITIOTEpPHUX TEXHOJOTiH, peali3oBaHMX Ha KOMEpLiiHiN ruiaTdopmi 3
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BHCOKHMM TIOTEHITIaJIOM TIO MPOMYKTUBHOCTI OOpOOKH, i BCiX iCHYIOUHX i
MaiOyTHIX TTOCTYT.

Metoro  maHOrO  JOMIUIOMHOTO  NPOEKTY €  OyAiBHULTBO
abonenTcbkux numo3is tuny DLU-IP ¢ipmu «Siemens» 3 nepeMHUKaHHSIM
Ha HUX a0OHEHTIB 25 By3510B0r0 paiiony. I1ln03 aboHeHTchkux miHii DLU
IP noGymoBanuii Ha 0a3i 3BUYAHOTO A0OHEHTCHKOTO KOoHIIeHTparopa DLU
3 nmomaBaHHsM 1Box kapr FPP na omma cratme DLU I[P (4000
abonentchkux uniHIA). OpgHa mmata FPP Hece B cobi wotmpm FP i
3abesneuye 16 E1 inTepdeticis 3 6oky TDM uvactunu. [IpornoHoBanuii Tum
wiat no3pojsie 3abesneuntn 100% nepenady romocy B koaeky G.711 6e3
CTHUCHEHHS abo0 ISl KO)KHOTO MOBHOTO KaHally MO)Ke OyTH BHKOPHCTaHHUN
OyIb-SKAH KOMEK ISl CTUCHEHHS. 3 IHIMOTO OOKY IUTATH 3'€THYIOTHCS IO
BOYZIOBAaHOTO KOMYTaTOpa, 4epe3 sKuii 3ades3meuyerbcsi 3'enHanHs B [P
MEpEXYy.

o3 DLU IP migrpumye iatepdeiicn FXS i ISDN BRI, ISDN
PRI V5.1 B cropony aboneHTchkux JniHii. Beim abonentam DLU IP moxe
OyTtu Hagano Haoip mocayr Class 5 B moBHOMY 00cs3i.YcrarkyBanns AL
Oyne posminryBatucsi B icHyrounmx OyaiBmsx ATC.BymiBHunTeo mmx
00'exTiB 37ilicHIOEThCS Ha 0a3i obnagHanas EWSD BupoOHunTBa dipmu
«Siemensy.

Jis BUpimeHAsS TOCTaBJICHOTO 3aBIaHHsS OyB MPOBENEHUI aHAIi3
CTPYKTYpH IiCHYIO4WOi MichKOi TeneOHHOI Mepexi 3 BHUSABJICHHSIM
0CcOOJIMBOCTI MDKCTaHLIHHMX 3B'I3KiB  MPOCKTOBAaHMX a0OHEHTCHKUX
IUTIO31B 31 CTaHIisMU Mepexi. Kpim Toro, OyB mpoBefcHUN PO3paxyHOK
KamTaJbHUX BUTPAT Ha KOMyTaliiHe oOnmagHaHHsd tuimy EWSD  mis
a0OHEHTCHKHX NUTIO31B. [IpoBemenuii aHami3 M03BOJSE 3pOOUTH BHCHOBOK
PO JOUUIBHICTh 3acTocyBaHHS oOnamHanHs tunmy EWSD Ha wMicbkiid
TeneoHHil Mepexi. TakuM 4MHOM, MOCTaBlieHa B JWUIUIOMHOMY HPOEKTI
3aBIaHHS [0 3aMiHI aHAaJO0roBOro oOOJaJHAHHS Ha HU(POBY CUCTEMY
KoMyTaii Tiry Surpass Ha MichKill TeleoHHIN MepeKi BUpillIeHa.
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MOJITHKA IHOOPMAIIMHOI BE3IIEKHA MAJIOT'O
HIANMPUEMCTBA

B pesynbrari BHKOHaHHS poOoTH Oynu  po3pobieHi HeoOXiaHi
OpraHi3amiifHO-MeTOINYHI JOKYMEHTH i MOJITHKA 1HPOpPMaIiifHOT Oe3eKy.

OpranizoBaHo TpoIlec pearyBaHHS Ha IHOUJICHTH 32 (aKTaMu
MOpYIIEHb 3aXUCTy iHQoOpMaIii Ha MiANPHEMCTBI y BUMIIAAI TEXHIYHOTO
periamMeHty.

Byno mpoanamizoBaHo Bci iH¢oOpMarmiifHi pecypcH miAampuemMcTa. B
X0l aHai3y BUSABIICHO 1 KIacu(iKOBaHO 3axXHITeHI iHGOpMAaIIiiHI pecypcH,
knacugikoBaHi mependavyBaHi MOPYIIHMKH Oe3nexd iHQopmarii, 1o
LIUPKYJIIOE Ha MiNPUEMCTBI, BUABJICHI 1 KIaCH(IKOBaHI aKTyallbHi 3arpo3u
oesmerti [1JIH B ICIIJIzx Ha ocHOBi 6a30Boi Momeni 3arpo3 Oesmeku [1J10
mpu ix o0po6iti B ICIIIH, Ayt 3MEHIIICHHS] pU3UKY peatizaliii 3arpo3, Oyiau
3aIpOITOHOBAHI 1 pealli3oBaHi 3aX0AH MPOTHII.

Pozpobiieno momituky iHdopmaniiiHoi Oe3meku Ta oOpraHizamiifHo-
po3MOpsSIAYy JOKYMEHTAIil0 B o00JiacTi iH(oOpMamiiHol Oe3neku Jyis
mianpuemctBa «Ukrainian TAX» Ykpainu B M. Kuesi.

Ha 3akiHueHHs, mnpuBeneMo TaONWIlO, SK Ppeali3ylOThCS Pi3Hi
MEXaHI3MH O€3IeKH 110 PIBHAX 3aIPOITOHOBAHOI MOJIETI.

Tabmuus 1. Peamizaris MexaHi3MiB Oe3neKku

OyHKIis Oe3neKn PiBens Mozeni Oe3nexu

1 (2|3 4 5 6 7
Aytentudikamis +| + +
YrpaBiiHHS TOCTYTIOM + [+ + ] + + +
KoHineHmiiHiCTh 3'€THAHHSI +| + + +
KoninenmiitHicTs 1032 3'€ THAHHS + +
Bubopua xoH}ieHITIHHICTD +| + +
KondinenmiHicts Tpadiky + [+ + ] + +
1{imiCcHICTS 3 BiTHOBICHHSIM + +
IlimicHIicTh 6€3 BiTHOBJICHHS +| + +
Bubopua 1iicHICTh +| + +

mo3HaueHHs: "+" - JlaHuit piBeHb MOXe HagaTH (QyHKIIiI0 Oe3ImeKn

40



HAYKOBO-MPAKTUYHA KOH®EPEHLIIS ;
«MPOBMEMU EKCNNYATAUIT TA 3AXUCTY IHOGOPMALINHO-KOMYHIKAUINHUX CUCTEM»
4 — 6 YEPBHA 2019 P., HALIOHANIbHW ABIALINHWIA YHIBEPCUTET, M. KM1iB

Big3znaunmo ocobmauBo, 10 piBeHb 4 - «CepBicHM» Hamae BCi QyHKITIT
6e3nexn. He mMeHm BaxkimuBuM € 1 piBeHb OpaHaMayepa (3), OCKiIbKH came
BiH 3a0e3neuye peanizanito QyHKLINA Oe3Meku Ui 30BHIIIHIX MEpeKeBUX
3'exHanb. Haperuri, octanHii piBeHs - 7 - "[lonituka 6e3nekn”. 3HaKH «+»
y BCIX psAKax MO3HAYAIOTh, IO B MOJITHIN OE3MEKH MOXKYThH 1 IMOBHHHI
OyTH BioOpakeHi BCi acTeKTH 3a0e3neueHHs 0e3MeKn MEpexi.

3acTocyBaHHs 3alpOMOHOBAHOI MOJIETI HA TPAKTUIN, MOMKIMBO, HE
Bi/Ipa3y oueBuIHO. J[iFiCHO, aipKe CydacHI Mepeki CKIIAat0ThCsS 3 BEJIUKOI
KUTBKOCTI pOOOUMX CTaHIIiH, MepCOHATBHUX KOMITIOTEPIB 1 CEepBEPIB, a TaK
caMo MepexeBoro oOmamHaHHs. OpHak, sK TIOKa3aja TpaKTHKa
BUKOPHUCTaHHS  MOJETi, Oyab-IKy MEpeKy MOXKHA YSBUTH B
3aMPOIIOHOBAHMX TepMiHAX. MOXKIIHBO, VIS IIHOTO i JIOBEEThCS PO3OUTH
Ha KUTbKa MIIMEPEXK 3 PI3HUMH PIBHSMU JOCTYIY, 3'€THAHUX MDK COOOIO
Opannmayepamy. Y 1IbOMY BHIQJIKY, KOKHY TaKy TIJAMEPEXKY CIIiT
PO3TISIHYTH OKpeMO. 3 TOUKH 30pY K 30BHIIIHIX aTaK, MOYKHA PO3IIISIATH
BCIO MEPEXKY IWIKOM. Takuil MiAXia JO03BOJUTH CHPOCTHUTH TPAKTUYHY
OIIHKY O3MEKH MEPEX 1 CEPBICIB.

[Ipu po3risiai Mozaeni HEMOXJIMBO BUIUINTH OiIbII-MEHII Ba)KJIUBI
piBHI. Bci piBHI Ba)JIMBI OfHAKOBO sl 3a0e3medceHHst Oe3neku. Pazom 3
TAM, MOXHa Bi3HaYUTH o0coOmuBy ponb llomiTukm Oe3mexu, Sk
OCHOBOIIOJIO’KHOTO JIOKYMEHTA.

Came [lomiTukoro O€3MEKHM BU3HAYAKOTBCS KPOKM 1 3aXOHd, IO
BXKHMBAIOTHCSI HA KO>kKHOMY piBHI Mozeni. Came IlomiTuka Ge3mneku € THM
CTPIKHEM, HABKOJIO SKOTO OymyeThbcsl Oe3meky cucTeMu B IrijioMmy. lle
BOXJIMBO MOHECTH JO PO3YMIHHS SIK KEPIBHUIITBA OpraHizaiii, Tak i
pAIOBHX CHiBpOOITHHKIB. Xod4a, 3BHYAiiHO, JIyxke 0Oarato BaKUTb
MiATpUMKa KepiBHUITBA. SIK yke 3ramgyBanocs Buine, [lomituka Oesrekw,
sIKa HE Ma€ aKTMBHHUX MMPUXWILHHUKIB B KEPIBHUIITBI, TPUPEUCHA.

CrnoBom, sik My GaunMo, Oe3nexy iHdopmarlii B Mepexi HiAnpreMcTBa
a0o oprasizariii. 3a0e3neueHHs Oe3MeKy BKITIOUYae B ceOe Oe3ITiy acTieKTIB sIK
aJIMIHICTPaTHBHUX, TaK 1 MPOTPaMHO-TEXHIYHUX. [Ipuuomy 3azmaneriamb
CKJIQJTHO CKa3aTH B SIKOMY pas3i SIKi 3 HUX TIePEBAKAIOTH 1 BIIITPAOTh BEJTUKY
POJIb B 3araibHIN KapTrHi OE3MeKu.
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CUCTEMA 3AXUCTY IH®GOPMAILIIL HA IIIIPUEMCTBI

VY paMkax maHOi IWUIUIOMHOI poOOTHM OyJIO TPOBEAEHO MOCIiIKEHHS
CTaHOBHIIA BITYM3HSHOTO HOPMATHBHO-TIPABOBOTO 3a0€3TICUCHHS B Taly3i
Oesnexu iHpopmamii Ta po3poOIEHO MIAXOAW JO CTBOPEHHS Ta
BIIPOBA/DKEHHSI KOMIUICKCHOT CHUCTEMH 3axHcTy iHopMarii IepKaBHOTO
¢inancoBoro  miampuemctBa AKB  «Omran6ank».  BrpoBampkeHHs
MPOMO3UIIIA 1 PEKOMEHJAIIH MPOBEACHOTO IOCTIKCHHS B JICPKABHOMY
0aHKy TO3BOJISIE:

- CYTTEBO MiJABHIIHUTH SKiCTh MOHITOPHHTY POOOTH CHCTEM 3aXHUCTY
iHpopMaLii (KpUNTO3aXHUCT, aHTHUBIPYCHUM 3aXMCT, 3aXHCT JOCTYIY [0
iHpopmalii, TexHIYHMHA 3axucT oOmagHaHHS Mepexi kiacy AC-3,
MIPOTPAMHUI 3aXHUCT KOMIT F0TepiB Mepexki kiracy AC-3 Bij HeNIEH3IHHOTO
MporpaMHOro 3a0e3nmedeHHs] Ta TEXHOJOTIYHMX 300iB T iH.) Ha 0asi
KOMIIJICKCHOI CUCTEMH 3axHcTy iH(pOpMalii B aBTOMAaTH30BAHUX CHCTEMax
0aHKYy;

- miaroryBatd OaHK 10 MacOBOTO BIPOBAJKCHHS aBTOMATIB
0aHKiBCHKOTO caMo00CITyroByBaHHS Ta 3MEHIIUTH PHU3HUK
HECAHKI[IOHOBAaHOTO BTPYYaHHS B pOOOTYy cHcTeM OOpOOKH OaHKiBCHKOI
iHbOopMarii;

- noOyayBaTH CUCTEMY i€papXiuyHUX PE3CPBHUX CXOBHII OAHKIBCHKOT
iHpopMalLii, sSKi JO3BOJSAIOTH Ha TpoTA3i 1-2 ni6 BimHOBUTH poOoTy abu-
SIKOTO 3pYHHOBAHOTO BIiIIiUICHHS OaHKy 0€3 BTpaT KIIIE€HTCHKOI Ta
6aHKiBCHKOT iH(OpMAITii;

- molOyayBaTu HafiliHy cHeLialibHy TPaHCHOPTHY Mepexy Ha 0asi
texHosorii VPN mixx xomn’rorepHumu Mepexkamu 0aHky kmacy AC-3 Ta
KIEHTCHKUMH TepMiHanamu cuctemn «Kiienr-6ank» Ta «lHTEpHET-
OaHKIHI», AKI MPALIOIOTh Yepe3 r1odaibHy Mepexy IHTtepHet kinacy AC-3.

Hus  peamizamii  3aXWIIEHOTO JOKYMEHTOOOITY Ta 3a0e3meueHHs
KOMIIJICKCHOTO BHUPILICHHS TEXHIYHUX NHMTaHb OpraHizamii 3axWIIeHOro
IOPUANYHO 3Ha4YyII0r0 €JIEKTPOHHOTO JOKYMEHTOO00ITy Ha
KOpPIOPaTUBHOMY piBHI (DiHAHCOBOTO MIiANPHEMCTBA 3alPOIIOHOBAHO
nporpamae pimeHas TOB «xpunto-ITPO» «EToken KpuntoAPMy.
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0.0. bepexuuii
Hayionanvnuti asiayitinuii ynisepcumem, m. Kuis

MPOT'PAMHUI 3ACIB IU®PYBAHHSI EJIEKTPOHHUX
HOBIAOMJIEHb

B cyuacHOMy CBiTi B 3B 513Ky 3 IIMPOKUM MOLIMPEHHAM TI100aIbHOT
Mepexi [HTepHeT, 3HA4YEHHS EJIEKTPOHHOIO JIUCTYBAaHHS, SK 3aco0y
MIBHJIKOTO TICPECHIIAHHS TTOBIIOMJICHB, CKIIQIHO TIEPEOI[IHATH

[IpoGiiema mudpyBaHHS EICKTPOHHHX TIOBIJOMJICHb IOJSITAE B
BHpIIIEHH] 3aj7jadi MEPEeTBOPEHHS MOBIOMIIEHHS, BUKOPUCTOBYIOUH KITIOY,
y Takuid BHIIISA 3 SKOTO Oyle CKIaJHO OTpPHMAaTH IOBIJIOMJICHHS Y
MOYaTKOBOMY BUIJISLII O€3 HasBHOCTI JaHOro Kimoua. Kitou — e cexkperHa
iH(opMartisi, sika BUKOPUCTOBYETHCA KPUNTOTpadiYHUM aITOPUTMOM TIpH
mmdpyBaHHI/ qemrpyBaHHi MOBI1IOMIICHb.

Oynkuiro mudpyBaHHs eJIEKTPOHHUX TOBIJOMIICHDb Peati30BaHO B
MOUITOBUX KII€HTaX, MpOrpaMax MHTTEBOIO JIMCTYBAaHHS Ta OKPEMHX
nporpamax mudpyBanHs GaimiB Ta psaakiB, 30kpema B mporpami PGP. s
OUX TpOrpaM BJIACTHBO BHUKOPUCTaHHS a00 aCHMETPUYHOTO METONY
mmdpyBaHHg a00 riOpUIHOT KPUNTOCHCTEMH.

B cydyacHmX mouTOBHMX KIi€HTaX, Takux sk Microsoft Outlook Ta
Mozilla Thunderbird BHKOPHUCTOBYIOTBCSI aCHMETPHUYHI AITOPUTMHU
mmppyBaHHA, Tpd UYOMY KOPHCTYBady HEOOXiIHO  MOIEPEAHBO
3apeecTpyBaTH KIIIOY, OCKUIBKHU 32 JOTIOMOTOI0 HOTO TAK0X 311HCHIOETHCS
CNIEKTPOHHUI mianuc jucrta. [aHi mporpaMu HalaloTh KOHQIICHIIHHICTD,
LTICHICTh Ta aBTCHTUYHICTh MOBIJIOMJICHHSIM, ajie HE 3aBXKIH € 3pYYHUMHU
IUIsL KOpUCTyBaya.

B pesynprari anHamizy 3aco0iB mmdpyBaHHS €IEKTPOHHUX IOBIIOMIIEHB
OyJI0 BCTaHOBJICHO, IO BUKOPHCTaHI B HHUX aJTOPUTMH MalOTh BHCOKY
CTIMKICT, 70 KpunTOaHaTizy. Bci mpoaHamizoBaHi TpymHM Mporpam
BiJIPi3HAIOTHCS:

a) B TTIOYTOBUX KITI€EHTaX, OKpiM mu(pyBaHHS TOBIIOMIICHbD, 3MIHCHIOETHCS
IUQPOBUH MiNKC, IO JO3BOJISE 3aXUCTUTH KOPUCTYBada BiJ MOPYIICHHS
LUTICHOCTI Ta /J03BOJISIE OJHO3HAYHO 1MEHTU(IKYBaTH TOTO, XTO CTBOPHB
JTaHUM JINCT;

0) B mporpaMax MHUTTEBOTO JIMCTYBaHHS KIIIOYi MM(PYBaHHS BIIOMI JIMIIIe
Ha KIHLIEBUX NPUCTPOSIX (IPUCTPOSIX KOPUCTYBAYiB);
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B) mporpama PGP € okpemMuM mIporpaMHHM MPOIyKTOM MmH(pyBaHHS i1
mignucy ¢aimB 1 MOBiIOMIIEHb, TOMY MICTUTh JOCHUTH BEIHKHH CIIEKTP
HaJIAIITyBaHb.

XapakTepHUMH HETaTUBHUMH PUCaMU € a00 CKIagHUi iHTepderic i
CKJIa/IHI HaJAIITYBaHHA U1 3BUYaHOTO KOPUCTyBada abo K BiJCYTHICTh
HalalTyBaHb Oe3meku B3aram, Ttomy Tema «[Iporpamuuii 3acid
muppyBaHHA ~ €JIEKTPOHHUX TMOBIJOMIIEHB» €  aKTyajbHOI0. byio
PO3po0IeHO IporpaMHUi 3aci0, mepeBaramMu SIKOro €:

a) BUKOpHUCTaHHS web—iHTepdeiicy, M0 He BUMarae BiJ KOpPHCTyBaya
BCTaHOBJICHHS OKPEMOi IIPOrpaMH Ha CBili KOMIT FOTED;

0) HasIBHICTH MTPOCTHX HANIAIITYBaHb OE3IEKH;

B) TIpocTUii iHTEpdeiic KoprucTyBada, MO CXOKHWW Ha iHTEpQeHcH 1HINX
web—1o1aTKiB.

Muoro OyJ0 MOpoaHami30BaHO TEXHOJOTii JUIi  pO3pOOKH
MporpamMHoOro 3acoly, anropuTMH mMUPyBaHHS, TEIIyBaHHS Ta 3MIHCHEHO
MPOEKTYBaHHA OCHOBHHMX MOAYNIB. bylio MpoaHali30BaHO CHMETPHYHI
ITOPUTMH MIKM(PYBaHHS NOBIJOMIIEHb, Ta BCTAHOBJICHO, 1[0 aITOPHUTMOM
3 HaWKpalUMMHU SIKICHUIMH TIOKa3HHKaMu Ui PO3POOJICHOTO AOAATKYy €
AES. /Iy renryBaHHS MapoJliB KOPUCTYBadiB 0yi10 BUOPAHO ajrOPUTM, IO
Hala€ MOXKIMBICT,  OararoiTepallifHOro  TeHEpyBaHHS  Xemly 3
BUKOPHCTaHHAM «COJi», III0 Ma€ BUCOKHUW CTYITiHb 3aXUCTY BiJ KOMI3il —
anroput™ PBKDF2WithHmacSHAS12.

Byno cnpoekroBaHo amiarpamu  KiaciB AJsl MOIYJIO TeHeparii
BUMAJKOBOTO YHCIA, MOAYNIO IIH(QPYBaHHS MOBIAOMICHb Ta MOIYJIO
B3aemomii 3 0azor0 manux. Ilpm oMy s MoxaymiB mudpyBaHHS
MOBIJOMJICHh Ta TEHepallili BUMAIKOBOTO dHCTa OyJIo CIPOEKTOBAaHO
MHOXHHY KJIaciB, 10 Peati3yloTh pi3Hi alrOPUTMHU.

I[Ipu  po3pobumi mpoekrty Oyna BpaxoBaHa  HEOOXiTHICTh
3aCTOCYBaHHsSI METOJB, IO JIO3BOJISIOTH IOKPAIIUTH 3aXHCT JOAATKY 1
JAHWX KOpHCTyBada Ta HOro rHydkictb. JIns 3axucty momaTky Oyio
BUKOpHUCTaHO PreparedStatement 1yt reHepyBaHHS 3anuTiB 40 0a3u JaHUX
Ta GiTBTEp MaKEeTIB JUIS 3aXKUCTY BiJ MIXKCAWTOBOI MiAPOOKH 3aIUTYy.

3axuCT JaHWX KOPUCTYBAyiB BiJIOYBA€THCS HUISXOM IMU(PPYBaHHS
MOBiJOMJICHB Ta iX 30€epeKeHHs y MHU(PPOBaHOMY BHUIVIAII Ta TEeLIyBaHHS
MapoJiB KOpUCTyBava. | HydKicTh HAJAIITYBaHb 3a0€3ME€Uy€eThCS 3aBISKH
BUKOPUCTAaHHS €IWHOTO IHTepdeiCy T alrOpUTMIB, IO PEaTi3yIOTh
CX0XKy (YHKUIOHANbHICTb. TakuM 4dYHMHOM OyJ0 peaii3oBaHO BHOIp
TOPUTMY IIU(PYBaHHS MOBIIOMJICHB Ta TEIIyBaHHS HapOJiB.
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YK 004.75
B.I'. KopHimun
Hayionanenuii agiayiiinuil ynieepcumem (m. Kuig)

KOPIMOPATUBHA MEPEXA )14 NPOBEAEHHA
BIAEOKOH®EPEHL,IN

Ha cporogni 3 pO3BUTKOM TEXHOJOTiH, TaKOX PO3BHBAETHCS
BiteokoH(pepeHI3B s30k. OOHUM 3 OCHOBHHX IIepeBar, sKi Jae Ham
BiJICOKOH()EPEHI3B'SI30K, € MOXJIMBICTh TepedyBaTH OJHOYACHO B
JIEKITbKOX MICIAX, BiIaJICHMX HA THCAYl KUIOMETPiB, HE 3aJIMIIAI0YN
odicy. 3 KOXKHUM JHEM BiJ] KOMIIaHiii moTpiOHA Bce Oinblia eeKTUBHICTh
JUISL YCTIITHOTO BeAeHHsS Oi3Hecy. [HTepHET i TeleKoMyHiKamii 3poOHiH
BEIMYE3HHH  KPOK  JI0  TPHUCKOPEHHS  BCiX  Oi3Hec-mpoIleciB.
BineoxoH(epeHI3B'130K BigKpHBaE HOBI KOPJOHW B Iil TOHII, poOsSYH
MPUAHATTS BaXXIINBUX PillleHb, PO3BUTOK HOBHUX MPOAYKTIB 1 MOCIYT OiIBII
OTIEpPaTUBHHM.

B xoni Bineoxondepeniii Bu B peanbHOMy yaci MoxxeTe OauuTh
BHpa3 OOMWYYS i MOBY JKECTiB BaIloro cmiBpo3MoBHHKa. Lli pedi €
HaWBa)XITUBIIIMMHU acTIeKTaMHU CIUIKYBaHHS, SKi TYONATbCSA TpW 3BUYAWHIN
TenedoHHill po3MoBi. Bineokonpepenmis 3a0e3neunts OB ePEeKTUBHE
CHIIKyBaHHSl IepcOHalTy KoMmaHii 3 KiieHtamud. PobGorta TOproBux
MPEICTAaBHUKIB MOXKE€ CTaTH HabaraTo MNPOAYKTHBHIIIE, OCKUIBKH TIpH
Bi3yaJIbHOMY CIIIJIKYBaHHI MOJKHAa Kpalle OI[iHUTH TEPCIEeKTHBHICTD
KIlieHTa Uil KommaHii. Bce me, Oe3CyMHIBHO, TOJNIMIIMTH Balli AiTOBi
BiTHOCHHHU 3 KPAITUMH KITI€HTAMH.

VY po0oTi 3xificHeHO aHaii3 cTaHy po3poOKH Ta ceph BUKOPUCTAHHS
BiZcokoH(pepeH3B s13Ky. Ha iXxHiii OCHOBi, c(OpPMYIBOBaHO BHMOTH [0
(GYHKIIN 1 XapakTepuCTHK Oe3NMpOBIMHUX BY3MiB Ta Mepex. BumineHo
TepeBaru ¥ iCHyrodi OOMeXeHHS, SKi CTPUMYIOTh ITUPOKE BUKOPHUCTAHHSI
BiZIcOKOH(EPEHI3B’ SI30KY . Buxopucrano Knacugikamito
BiZlcOKOH(EPEHI3B s130Ky. Bka3zaHO mepcreKTUBH  BHUKOPUCTAHHS i
BHJIIEHO ICHYIOUI MPOOIEMHU MPH CTBOPEHHI KOPIIOPATUBHOI Mepexi s
MPOBECHHS BijeokoH(epeHiii. JJocaimKkeHo MepCeneKTUBHI METOIU IS
BUPIIIICHHS MUTaHHS CTUCHEHHS BiJIEO Ta ayi0 CUTHAIIB.

Byno posrmsHyTO icHYrOWi BHIM ONTHMI3amii BiJEOCHUTHANIB, fAKi
BUKOPHCTOBYIOTHCS B noOyaoBi Mepex s MIPOBECHHS
BiJICOKOH()EPEHIIIH.
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JaHi 3aJIe)KHOCTI JTOCTIDKYBAIHMCS TPH IMITAIlifHOMY MOJIETIOBAHHI
BiJIe03B’sI3Ky. BHKOpHCTaHO METOMUKY pO3paxyHKy IapaMmeTpiB MOJel,
0 BPaxoBY€ OCTaHHI poOOTH MO TEMAaTHIN TOCIiIKEHHS 1 0COOIMBOCTI
Cy4YacCHHX CHCTEM JIJIsl IIPOBEICHHS BiJICOKOH(EPEHIIii.

BusBriieHo BenuKy pi3HOMAaHITHICTh MiAXOMIB 3 BH3HAYEHHS dYacy
JKHUTTS MEPEeXKi. 3alpOrOHOBAHO BU3HAYCHHS, IO BPAaxOBYE 3[aTHICTH
KOPIIOPAaTUBHOI MEPEexKi 10 CaMOBiJHOBJICHHSI.

JloBenieHo, 10 3ampoIOHOBaHA MOJENh BIIPI3HAETHCA BiJl ICHYIOUHX
THM, IO TPOMOHYE MAaKCHMAaIbHO €KOHOMIUHY CHUCTEMY JUIS TPOBEICHHS
BiZlcoKOH(DEpEeHLii, 3 MATPUMKOIO A0 250 KOPUCTYBaUiB.

[lincymMkoBe 3HAa4eHHS MOTY)XHOCTi, CIOXXHTOi MPHUCTPOEM TIPH
repenadi JaHuX, 3aJCKATh Bill TTOKa3HWUKIB XapaKTEPUCTHKH anapaTHUX
pillieHb; IHTCHCHUBHOCTI TOTOKIB JaHWX; alrOpuUTMy JAOCTYIy JIO
CepeIOBHINA ITepeIadi.

TakuM YHMHOM, Ha OCHOBI KOMILICKCHOTO aHaJi3y 3alpOBa/KCHUX
JTAaHUX TOTIOJIOTIH 1 aTOPUTMIB CTUCHEHHS BiJICOCHUTHAIIIB, 3alIPOIIOHOBAHA
aKTyanbHa, Mepexa JUIsl IPOBEICHHS BileOKOH(epeHIIin

BucHoBku:

- IlpoBeneHuii aHami3 TMOKa3aB, IO CUCTEMH I TPOBEICHHS
BiZIcOKOH(EPEHIIIH € MePCIeKTUBHOIO TEXHOJIOTIEI0, IO J03BOJISIE
36KOHOMHTH KOIITH Ha BiPAKCHHSX.

- KirouyoBuM MOKa3HHUKOM, € MOKJIMBICTh, CTaA0OUILHOIO, YITKOI'O Ta
Bi3yaJIbHOTO KOHTaKTy 3 IHIIMMH YYaCHHUKaMH TEPEeroBOpiB B
Oyab-sIKifl TOUKH CBITY.

- B xoxi mocmimkenHs Oyno BcTaHOBIEHO, o cucreMa TrueConf €
MaKCHUMaJIbHO €(EKTUBHOIO IJII MajloTO Ta CEPEeIHBOTO Oi3HECY,
TaK K BOHA IiITPUMY€E MPOTOKOJ CTUCHEHHs Bineocurnany H264
Ta TPOTOKONYy BcTaHOBIeHHS cecii SIP, Ta Mae KOHKYypeHTO
CIIPOMOYKHOIO B CITIBBIIHOIICHHI 1IHA/AKICTb.

46



HAYKOBO-MPAKTUYHA KOH®EPEHLIIS ;
«MPOBMEMU EKCNNYATAUIT TA 3AXUCTY IHOGOPMALINHO-KOMYHIKAUINHUX CUCTEM»
4 — 6 YEPBHA 2019 P., HALIOHANIbHW ABIALINHWIA YHIBEPCUTET, M. KM1iB

YK 621.39.005 (043.2)
A.C.TxauyeHko
B.B.AHTOHOB
Hayionanvnuti asiayitinuii ynisepcumem, m. Kuis
MMPOEKTYBAHHS MICHKOI MEPEXI 3B’SI3KY HA BA3I
TEXHOJIOT'Il NGN

Ha croromuimmHili JeHp Tmepen  KEpPiBHUITBOM  OUNBIIOCTI
oreparopiB (iKCOBAHOTO 3B’S3Ky TOCTPO CTOITh NMHUTAHHS ONTUMAIbLHOIO
BUOOPY apXiTEKTYpHUX HIISXiB PEKOHCTPYKIII Ta PO3BUTKY CBOiX MEPEK.
[ToB’s13aHO 11e, B MEPLIY YEPTy 3 THM, IO BIIKPUTHII KOHKYPEHTHUI PUHOK
TEJEKOMYHIKAI[ITHUX MOCIYT 3MYIIY€E OIEePaTOPiB MOCTIHO PO3MINPIOBATH
HOMEHKJIATYPy MOCIYT i, BIAIOBITHO, MOAM(IKYBaTH MEPEKIi.

BrpoBamkeHHsT Mepexi MOCHYyr, BiAMIHHMX BiI TpaauLiiiHOT
TeneoHii, TPUIBOOUTH 1O  PO3BUTKY  Cy4YacHOI  MepexeBoi
iHppacTpyKTypu. Y TEIEKOMYHIKAIlisIX aKTUBHO MO3UI[IOHYETHCS PIIIEHHS
3 moOymoBH Mepex HactymHoro mokoiiHHs NGN(Next Generation
Network), siKi He BIHCYIOTBCSl B PaHillle 3aCTOCOBYBaHI MiAXOIH PO3BUTKY
MEPEX 3B’ SI3KY.

Haii0inbin BaKJIMBUM 1 BUTPAaTHUM CTAHOM IIEPEXOAY 10 MEPEK
NGN s Bcix omeparopiB 3B’s3Ky € TIpollec iHTerpamii «crapoi»
TeTepOreHHOT MepeXi, ToOYTOBaHOI 3a MPUHIMITIAMH KOMYTAIlii KaHawiB, 3
«HO0BOIO» NGN-Mmepexero. [IpuuoMy mim iHTerpamie€to po3yMi€Tbcs He
TiNbKH 3a0e3MeUeHHs] TEXHIYHOTO NUTI03yBaHHS Tpadiky MK «CTaporo» i
«HOBOIO)» MEPEkKEI0, ajle 1 CMaJKOEMHICTh BIIHOCHO paHillle CTBOPEHUX
HOCIIYT.

Y npaniii poboTi po3pobiieHa CTPYKTypa MeEpeki 3 TaKETHOIO
KOMYTali€0 Ha MPUKIaai MiCbKOi TeneoHHOI Mepexi. BuzHaueHo ckiaz
amaparypd, JOCHiKCHI BUKOPHUCTOBYBAHI TEXHOJOTii, pO3IJSMHYTa
E€KOHOMIYHA JIOMUIBHICTh MEePexoay 3 Mepeki 3 KOMYTalll€l0 KaHajiB Ha
MEPEKY 3 KOMYTAIII€IO MTAKETIB.

Y xoxi BUKOHaHHS 1aHOi poOOTH OyiH OTpUMaHi HACTYITHI OCHOBHI
pe3yibTaTh:

PosrnsHyTO mpukian moOymaoBu Mepexki Ha 0a3i TexHosoriih NGN.
Ha cporopHimHiii [eHb MPaKTHYHO 3HAYYIIMM € ClieHapid po3BuTky NGN
Ha ©0a3i icHyrodoi Mmepexi TM3K. OcCHOBHUM eNeMEHTOM Mepexi €
TpaHCIIOPTHA MaricTpajgbHa MepeXka, 3acHoBaHa Ha TexHojorisx SDH,
Ethernet, CWDM, DWDM.
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IIpoanamizoBaro ocHoBHI Moaeni NGN. Takum guHOM, B 0a30Biid
¢dbyakmionanpHoi  Moaeni NGN  BHIOIISIOTH JBa OCHOBHUX IIAPH:
TPAaHCTIOPTHHM i CEpBICHUH.

BusiBieHO HemoNIiKM MEpeX HACTYIHOTO MOKOJIIHHS Ta BU3HAUCHO
MIEPENIKOIN Ha NIIAXY JI0 MMOBCIOMHOTO BIIpoBaKeHHST NGN.

3po0iieHO aHaNi3 TPUHIOWMIIB MOOYJOBH Mepex Aoctymy. bys
MPOBENCHUH PO3paXyHOK O0JIaAHAHHS.

[IpencraBneni KoOHUOENTyalbHI MiAXOAM OO MEPEX HOBOTO
MOKOJIIHHS, 30KpeMa MOJEpHi3allisi Mepexi, MEepPCHeKTHBH 3aCTOCYBaHHS
TEXHOJIOT1i AJ1s1 MO0y T0OBH MYJIBTUCEPBICHOT MEPEXKi.

[Ipu BuOOpi TEXHOMOTIH i KOHIIETIIIH IePCIEKTUBHOTO PO3BUTKY Ta
MoOJepHi3amii Mepexi MANMPUEMCTBA 3B’S3KY HEOOXIIHO KepyBaTHCS
CeKOHOMIYHMMH MOTHBaMH. Y pa3i MepeX HACTYMHOrO IOKOJIHHS
OCHOBHUMH KOMEPLIHHUMH LIISAMH €:

30ipIIeHHsT JAOXOMAIB BiJl BIPOBAPKEHHS IIMPOKOTO TMeEperiKy
MOCIIYT 3 JIOJJAHOIO BapTICTIO OMEPATOPCHKOTO KIacy, BKIIFOYAOUYH ITOCITYTH
intenekryansHoi Mmepexi(FPH, VOT, PCC, ACC, PRM);

CKOpOYeHHS IHBECTHINI Ha MOJEPHI3aIlil0 Ta PO3BHTOK MEpExi
TEJCKOMYHIKAIliil 32 paxyHOK ONTHUMIi3allii CXeMH Mepeaadl TPaH3UTHOTO
Tpadiky;

CKOpOYeHHS BUTPAT Ha €KCIUTyaTallifo MepeXi TeleKOMYHiKaIlii;

Ilepexim Big TpamWImiHHUX TIOCIYT TPHETHAHHSA CTOPOHHIX
orepaTopiB 0 HaIaHHS MOCIYT 3 JOJAHOIO BapTICTIO, TaKHX sK Voice
VPN, Hosted PBX, IP-tenedonis, Teleworking Ta iH.;

Ilomin 6i3Hecy 3 HamaHHS IOCIYr 3 JOJAHOIO BapTICTIO HA
OTIepaTOPCHKHI 1 TPOBaHAEPCHKUH.
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YK 621.391.7 (043.2)
I.B. KacbsinoB
Hayionanvnuii asiayitinuti ynisepcumem, m. Kuis

OIITUYHI CUCTEMU NEPEJAUYI ITIIIBOAHOI'O 3B’ A3KY

AKTyaJIbHOIO ~ ChOTOJIHI ~ MPOOJEeMO €  e(PEeKTUBHICTh  I1JABOJHOTO
0e3MpOBITHOTO 3B’SI3KYy 4epe3 BTpATy pajiiouacTOTHOTO MOTIMHAHHS, 10 POOUTH
Wi-Fi HeedhekTUBHUM CITOCOOOM 3B 3Ky B IMIIBOJHUX CHUTYaIlisIX, TOJI SIK ONTHYHI
CUCTEMH, 3aCHOBAaHI Ha MPHUHIMII BUCOKOYACTOTHHUX CBITJIOBUX IMITYJbCiB, Li-Fi,
6e3aporoBa ¢GopmMa KOMYHIKAIli 3a JIOMOMOTOK BHUIUMOTO CBITJA, 1€ HOBUM
PIBEHb M1IBOAHUX KOMYHIKAIIH.

B nmanuit wac gns 3miicHeHHsT mnepenayi  iHQopmailli B BOJHOMY
CEpEOBUIII BUKOPUCTOBYIOTH IMPOBIIHI Ta Oe3mpoBimH1 JiHII 3B'13Ky. [IpoBinHi
JiHII TIJBOJHOTO 3B'SMI3Ky ICTOTHO OOMEXYIOTh Jilala3oH MAii 1 3HWXKYHOTh
MOOUIBHICTH MiIBOJHUX KOMIUIEKCIB. KpiM TOro, BUKOpUCTAaHHS TaKMX JiHIN CTae
HEMOXKJIMBUM MPHU 301UTHIIICHH] KUTBKOCTI 0OCITYTOBYBaHMX IT1IBOJTHMX aIraparis.

be3apoToBi iHIT 3B’S13Ky BHKOPUCTOBYIOTHCS BOJIHOMY CEpPEIOBHUII B
OCHOBHOMY 3 BH[IB — pajio3B'sI30K, TIAPOAKYCTUYHUN 3B'S30K Ta ONTHYHHM
3B'A30K.

Jlis mepepadl gaHUX 4Yepe3 padio3BA30K, IMOTPIOHO BUKOPUCTOBYBATH
HAJJIOBT1 XBWJII — PaJllOXBUJII 3 JOBXHHOK XBWUJb moHan 10 kimomerpiB. Hac
I[IKaBUTh TIIbKI Jiana3oH ayxe Hu3bkux yactor (OHY) B mexax Big 3 mo 30 kI,
TaK 3BaHl «MipiaMeTpoBi XBwWIi». [{I XBUJII HEMOXJIMBO 3JIOBHUTH Ha 3BHUYAMHHUX
pagionpuiiMayax, a s poOOTH 3 HANJIOBIUMHU XBWJISIMU TMOTPIOHI aHTEHH
JIOBKUHOI0 y 0Oarato KIJJOMETpPIB, IO € TOJIOBHOI MPOOJIEMOIO, L0 POOUTH
pamio3BA30K HE TakuM €(PEKTUBHMM B TIOPIBHSHHI 3 TIAPOAKyCTUYHUMHU Ta
ONITHYHUMH CHCTEMaMH.

Ha BigMiHy BiA pamioXBujb, 3BYK y BOJl MOXE IMMOUIMPIOBATUCA JOCHUTH
JTAJIEKO - MIBUJKICTB 3BYKY Ha riuouH1 100 meTpiB cranoBuTh 1468 M/c, 1 IABOIHI
T'YYHOMOBIII 1 TiIpO(OHN MOXKYTh BUKOPHUCTOBYBATHUCS IS 3B'I3Ky. be3mporosi

aKyCTUYHI JIHIT 3B'A3Ky TPYHTYIOTHCSI Ha Iepejadi 3BYKOBUX XBHIIb Y€pe3 BOJHE
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cepenoBuie. OgHak qaHi JiHIT 3B'S13KYy 3a0€3M1€UyI0Th HU3bKY MIBUAKICTD Mepeaadi

1 CTIAKICTB TMepe/T MePenIkojaMH Yepe3 HasBHICTh BEJIMKOT KIJTBKOCTI aKyCTUUHHUX

nepemko/]1. be3apoToBl onTHYHI JiHIT 3B'13KY 103BOJISIIOTH OTPUMATH BUCOKY
MIBUJKICTh Tiepenadi iHdopMali 3a paxyHOK BHUKOPHCTaHHS BEIIMKOI CMYTH

YacToT, 1110 CTAaHOBUTH JiecsaTtku I'T.

Li-Fi - me kareropis ontuuHoi Oe3aporoBoro 3B'si3ky (OWC). OWC
BKJIIOYa€e B cebe 1HppadepBOHUN 1 yIbTpad10JeTOBUN 3B'SA30K, a TAKOXK BHUAUME
cBiTno. Oxguak Li-Fi yHikanpHUI THM, 10 Ta K caMa €HepTisi BUANMOTO CBITJIA, M0
BUKOPHUCTOBYETHCS JIJISI OCBITJIICHHS, MOYKE TaKOX BUKOPUCTOBYBATHCS JIJIS 3B'SI3KY.

[Mpunun i Li-Fi naragye a30yky Mop3se. Cnanaxu CBITJIOA10/IIB B MPOIEC]
BIJIMOBIIAIOTh JIOTIYHUM OJMHUIAM 1 HyJsM. [IpuiiHsATa ONTUYHUM TMpUHAMadeM
MOCJTIIOBHICTh CBITJIOBUX IMIYJICIB TIEPEKIATAEThC B IU(POBUI CUTHAI.
[IBHAKICT CHaaxiB Taka, Mo JIFOJCHKOMY OKOBI HEMOKIJIMBO 1X PO3PI3HUTH.

Jlns mepemadi JaHMX BaXJIMBO Te, 100 Iie Oyja HE MNPOCTO Jamima, a
ceitnoniogHa (LED) nammna. [I{o6 neperBopuTH Jlamily B 3aci0 mepenayl JaHuX ii
MOTPiOHO 3’ €THATH 3 MIKPOUIIIOM, YK€ 3aBAaHHS - 00pOoOISITH 1HPOPMAITIFO.

Tak K KOXEH 3 Hac B TOBCSAKJCHHOMY JKHTTI XO4Y KiJIbka pa3 Ha JCHb
KOPHUCTYETHCS JIAMIIAMH, 111 TEXHOJIOTIS JO3BOJHMTH MEPETBOPUTH KOKHY 3 HUX B
OLTBINI MEPCIEKTUBHUN Ta €KOJIOTTYHO YMCTHM 3aci0 JyuIs epeaadl JaHuX.

[lepeBaroro Li-Fi € Te, mo xou g cucrema, sik 1 Wi-Fi, 3acHoBana Ha
CXO0XHUX MPOTOKOJIAaX, ajie BOHAa BUKOPUCTOBYE €JIEKTPOMATrHITHI XBUJI BHIMUMOTO
CBITJa, a Toi yac sk Wi-Fi — panioxBui, 1o € OUIbII MOBIIFHUMHU y TOPIBHAHHI
IIBUAKOCTI Mepefadl JaHUuX Ta IMIMPOTI TMOJOCH TMPONYCKaHHSA, OUIbLI
iH(poOe3meyHa Ta CHOpuse ONTHMI3aIii eHepro3arpar, 00 €IHYIYH CHCTEMH
OCBITJICHHS Ta XOT-COTU. A rojioBHE - Li-Fi He cTBOpIO€ MOMUIIKUA B MEPEkKI MixkK
pizaumu npuctposimu. llepeBaroro Wi-Fi € Tuibku muiommHa mnepenayl JaHUX,

0COOJIMBO Ha BIIKPUTOMY TPOCTOPI.
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Kpim po3po6oxk cuctemu Li-Fi, Visible Light Communication (VLC) siBnsiercs
NPEANOYTUTEILHBIM METOJIOM CBS3HM M3-3a €r0 BHICOKON MPOITYCKHON CITIOCOOHOCTH

W HCBOCIIPUHUMYUBOCTH K ITOMECXAM OT JJICKTPOMAIrHUTHBIX

MCTOYHUKOB. PeBoro1us B 0071aCTH TBEPAOTEIHHOTO OCBEIICHUS MPUBOIUT K
3aMeHe JIFOMUHECIICHTHBIX JIAMIT Ha CBETOU3IIYYAIOITUE UObI (CBETOAMOIBI), YTO
enie OoJble CTUMYTUpPYET ucnosib3oBanue VLC.

Cuctembl cBsi3u B BuaAnUMOM cBete (VLC) ucnonb3yroT BUIUMBIN CBET JIJIs1
CBSI3M, KOTOpas 3aHuMaeT cnektp ot 380 HM 10 750 HM, COOTBETCTBYIOIIUI
yactoTHOMY cnekTpy ot 430 TI' go 790 Tl 1, kak Moka3aHo Ha PUCYHKE 2.
[Tpo6iema HU3KOM IPOIMYCKHOM ClTIOCOOHOCTH B paguocBssu pemaercs B VLC u3-
3a HaJIM4us OOJIBIION MOJIOCKHI MPOMYCKaHUs, KaK MTOKa3aHO Ha PUCYHKE
JlucTanimonHo ynpasiseMmblid aBTomoomiis 6e3 mpusszu (UTROV) - ato eme
onno npumenenre VLC B moaBoiHOM cBsi3u. Pazinnunbie paboThl, KOTOPHIE MOTYT
OBITH BBIMOJIHEHBI ¢ Ucnoiab3oBanueM UTROV, BkitoyatoT 00CyKuBaHue
OKEaHOB B 00CcepBaTOPHUH M BO3MOKHOCTh Pa3BepThIBaHUS ¢ Kopabmeit. [IpaBas
naHesnb nokasbiaet cBsi3b UTROV no ontuueckomy kaHainy ¢ (MKCHPOBaHHON
MH(PACTPYKTYpPOIl HA MOPCKOM JAHE. B 1IeHTpe CBsI3b OCYILECTBISETCS
nocpenctBoM UTROV ¢ ucnonb3oBaHueM ONTHYECKOTO KaHajla ¢ KOpaOeabHOM
pEeTpaHCIALUOHHON HHppacTpykTypoi. Camast JieBasi maHelb MOKA3bIBAET CBA3b
UTROV c ucnoiib30BaHHEM NOJABOJIHON CBSI3U C HU3KOM MPOITYCKHOM
CIIOCOOHOCTHIO.
OTxe, B MOPIBHSHHI BUJHO IO ONTHYHI CUCTEMH IIJIBOJHOTO 3B’SI3KYy € OUIbII

YHIBEpCAITBbHUM CIIOCOOOM Tiepeadi iHdopMaIrii i1 BOI0¥0.
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HAYKOBO-MPAKTUYHA KOH®EPEHLIIS ;
«MPOBMEMU EKCNNYATAUIT TA 3AXUCTY IHOGOPMALINHO-KOMYHIKAUINHUX CUCTEM»
4 — 6 YEPBHA 2019 P., HALIOHANIbHW ABIALIMHWM YHIBEPCUTET, M. KMiB

YK 621.39.005 (043.2)
3.H. Kyaunenko
Hayionanvnuti asiayitinuii ynisepcumem, m. Kuis

BLIIHI'-CUCTEMA IHTEPHET ITPOBAMJIEPA

Ha cporomHimmgiii [eHp HEBIX €MHOKIO CKJIAIOBOIO JKUTTS KOXKHOI
JIOAVMHKM € 1i IIBUJKA KOMYHIKAIlisl 13 HaBKOJMIIHIM CBITOM. Yce Iie
3arajJioM 3MiHCHIOETHCS 32 JIOTIOMOTOK0 (DPYHKITIOHATBHUX MOMIJIUBOCTEH
TenedoHa Ta iHTepHETY. 3a TOCTYI OKPEMOTO KOPUCTYBaya JI0 BCECBITHBOI
MEpeXi IHTEpHET, MOXJIHUBICTh 3/IMCHIOBATH J3BIHKU, HAJICHUIIATH
TOBIIOMJICHHS Ta 1HIIII MOXJIMBOCTI BiJIIIOBiJIa€ MpoOBaiep, a 3a Iiary Ta
BHCTABJICHHS PaxyHKIB 3a IIi HaJaHI KOPHUCTyBadaM TOCIYTH BiATOBigae
crieriajgbHa CUCTEMa, KOTpa HAa3HMBAETHCS OLTIHTOBOIO CHCTEMOIO IHTEPHET
npogaiigepa (bC).

Sk BimOMO, KOKEH IMOCTaYaJbHUK TOCIYT IMparHe HaWKpamoro Ta
HaWIIBUAIIOTO OOCITYroByBaHHs. ToMy MeTa KOXHOTO TIpoBaiimepa
3abe3neunTty Oe3nepepBHE PyHKIIOHYBaHHS Takoi bC, mo Oyae mBUIKO Ta
CIPaBHO TPAIIOBATH. 3 I[bOTO BUXOJHUTh, IO OUIIHTOBa CHCTeMa MOBHHHA
3aBXKJM KOPEKTHO MiApaXxoBYBaTH BCi BUKOPHCTaHHS KOPHUCTyBada, TOOTO
ix Tpadik, a Takox 3a0e3rmedyBaTH HArJIsIHE MPEJCTABICHHS, IS TOTO,
100 KITIEHT 3aBKAK 0a4mB, 3a sKi caMe MOCITYTH BiH CIUIAYy€ KOIITH.

TepMmin «OimiHTOBa cHCTEMay O3HAYa€ KOMIUIEKC IPOIECiB, sKi
BiJIIOBiIatOTH 3a 30ip iH(OpMAIii PO BUKOPHUCTaHHS TEICKOMYHIKaI[iTHIX
nociyr, ix Tapudikalilo, BUCTaBICHHS PaxyHKiB aOOHEHTaM Ta 0OpOOKY
TUTATEXKIB.

Koxna BC moBuHHA MaTH B OCHOBI MJCUCTEMH TSI 0OCITyTOBYBAHHS
KITIEHTIB, TaKi AK IiJICHCTEMA MTONIEPETHBEOT 0OPOOKH JaHUX, OIIEPATHBHOTO
yIpaBiiHHS OUTIHIOM Ta MiJCHCTeMa OIOBIIIEHHS KmieHTiB. KirouoBumu
MOMEHTaMHU CTBOpEHHS Takux migcucreM Ta camoi BC € wac
0o0cmyroByBaHHS aOOHEHTIB Ta 30€peKCHHS JaHWX, HEOOXIMHUX IS
BUCTABJICHHS paXyHKY 32 Ha/IaHi TOCIYTH.

Y Ham Yac msg TemMa € AyXKe aKTyallbHOro, 00 Hapasi cmpaBy 3
TpoBaiziepamMul iHTEpHETY Mae KoxkeH, a Tomy 1 3 BC rakox. Ile conykae
Ha cTBOpeHHS HOBUX BC 13 KpaluMu XapakTepUCTHKaMH IIBUIKOCTI Ta
MPaBUIIBHOCTI.

[upokoro BukopucranHs y pimeHHsXx bC orpumana mnpeneiin-
cucreMa orutaty mociuyr Ilicisaciurara 3’ siBumacs paHiiie, ajie mepeariara
BUSIBWJIACS 3PYYHINIOW caMe JUIsl KIIIEHTiB, OO KOJHM TPOXH IOCH e He
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HAYKOBO-MPAKTUYHA KOH®EPEHLIIS ;
«MPOBMEMU EKCNNYATAUIT TA 3AXUCTY IHOGOPMALINHO-KOMYHIKAUINHUX CUCTEM»
4 — 6 YEPBHA 2019 P., HALIOHANIbHW ABIALIMHWM YHIBEPCUTET, M. KMiB

TakK, TO OJpa3y BiAOYBAETHCS BIAKIIOYCHHS ITOCITYTH, a2 HE BUCTABIISAETHCS
BEIWKHI paxyHOK Yy KiHmi. ToOTo rpomm 3aHOCATBCA CHCTEMOIO
3a3/1ajerijb, y SKOCTi aBaHCY.

VY cywyacHOMy CBITI BXe Maike BCi HpoBaiifepu Ta MOOUIbHI
OIepaTopy BHKOPHCTOBYIOTH KOHBepreHTHI bC, mo MOXyTh ojpasy
MPAIIOBaTH K CHCTEMa MEPeIIaTh TakK i MCIACIUIATH, 8 TAKOXK Ha/aBaTH
0e3J1iy iHITUX MepeBar.

Y po6oTi po3rnsHyTO poOOTY OITIHTOBHX CHCTEM B 3aJI€KHOCTI Bif
BUJy, 3[IMCHEHO OIJIsAJ Ta aHami3 icHyrounx bC, SKMMU KOPUCTYIOTHCS
MOOUIBHI  omepaTopu YKpaiHu, IX XapaKTepHCTHKH, apXiTeKTypa,
(yHKITIOHANBHI pillIEeHHS Ta IepeBart.

3 pO3TIAHYTHX TaHUX MOYKHA 3pOOWTH BHCHOBOK, IO (BYHKITIOHAI
o0panoi BC mepr 3a Bce 3aeXUTh BiJl 3alUTiB MOOUTBHOTO onieparopa ado
npoBaiizepa, ToOTO BiJf TOTO, HA CKUIBKH SIKICHO, IIBUJIKO Ta BYaCHO BOHHU
MParlyTh NOCTAYaTy TOCITYTH CBOIM a0OHEHTaM.

Hapasi 3pocrae KOHKYpeHIisE MiX poBaijepaMd Ta MOOUIBHUMH
omepaTopaMu, 00 KOXKEH IparHe IMOCTayaTH MMOCIYTH sSKHaWKpalle 3apaan
3a0e3IMe"YeHHs JIOSUTBHOCTI CBOTX KIIEHTIB.

Y pobGoti po3pobieHa CTPYKTypa Mepexi mpoBaiijaepa i OLTIHOBOI
CHCTEMH, TaKOXX 3alpolOHOBAHO TakWi anroput™m podotu BC, sxwuii
MICTUTh WIBHIKAW Ta HATIAHUA MeXaHi3M MiApaxyHKy TIUIaTH 3a
BHKOPHCTaHHI TTOCITyTH a0OHEHTaMH.

OTtpumaHi pe3ynbTatd poOOTH A03BOJISATH BHKOpHUCTOBYBatH BC i3
301IbIIeHOI0  €(DEeKTHUBHICTIO POOOTH Ta TMOKPAaUIeHUM HArJSAHUM
MIPEICTaBIICHHSAM BHUKOPHCTAHWX TIOCTYr a0OHEHTaM Ta BiAIOBIIHOT
BapTOCTI HA HUX.
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HAYKOBO-MPAKTUYHA KOH®EPEHLIIS ;
«MPOBMEMU EKCNNYATAUIT TA 3AXUCTY IHOGOPMALINHO-KOMYHIKAUINHUX CUCTEM»
4— 6 YEPBHSA 2019 P., HALIOHANBHUM ABIALIVHWUIA YHIBEPCUTET, M. KUIB

YK 621.391.7 (043.2)
JL.II. MUKHTHOH
Hayionanvnuti asiayitinuii ynisepcumem, m. Kuis

TEJEKOMYHIKAIIIHHA MEPEXKA IEPBUHHOI'O
PETTOHAJIBHOI'O IIPOBAWJIEPA

Komm'totepHi Mepexi - K MpoBiAHI, Tak i 0€3OPOTOBI - CTPIMKO
MPUXOAATh B TIOBCAKIEHHE OKUTTA. |HAWBiAyanabHI KOpHUCTyBadi i
oprasizamii B piBHIN Mipi 3aiexaTh Bii HaAidHOI poOOTH KOMITIOTEPIB i
MEpeX B TaKUX 3aBIAaHHAX, SK CIEKTPOHHA TOIITa, O0JIK, OpraHialiiiHe
yrnpaBiiHHSI Ta pobora 3 (aiinamu. HecaHKIiOHOBaHE BTOPTHEHHS B
MepexXy MOKE TPU3BECTH 10 HAJ3BUYalHO BUTPATHUM IepeOoiB i BTpaTH
IHHUX pe3yNbTaTiB poOOTH. ATaka Ha MepeXy MOXE MaTh pYHHiBHI
HACINIIIKA 3 BTPATOK 4Yacy 1 Tpolled B pe3yNbTaTi MOIIKOMKEHHS abo
PO3KpamaHHs BaXIMBOI iH(OpMaIiii i pecypcis.

3M0BMHUCHHKA  MOXYTh  OTpUMard  JAOCTYI B  MEPExy,
eKCIuTyaTyoun ypasnuBocti B 13, arakyroum oOnamHaHHs a00 HaBiTh
BUKOPHCTOBYIOUM TaKi BUTOHUYEHI MPUHOMH, K BraJyBaHHS Uy)KOTO iMEHi
KOpUCTyBaua Ta INapois. 3JOBMHCHUKH, SKi OTPUMYIOTb JOCTYII,
3MIHIOIOUM IMporpaMHe 3abe3nedeHHs abo eKCIUTyaTylouu ypasiuBOCTI B
MpOrpaMHOMY 3a0e3MeUYeHH1, YaCTO IMEHYIOThCSl XaKepaMH.

Xakep, SIKHi OTprMaB JOCTYII B MEPEXY, Bipa3y CTa€ IKEpesoM
YOTHUPHOX BUIB 3arpo3:

po3kpazanHs iHdopMarii;

PO3KpaiaHHs MEePCOHAIBHUX JaHUX;

BTpaTa JaHWX i MaHIMYJISMil 3 JAHUMH;

NPUIIMHEHHS 00CITyTOBYBaHHSI.

3arpo3a BTOPTHEHHS B MEpPEXY BHUXOIMTH Bil 3IOBMHCHHKIB,
pPO3TAIIOBAHMX K BCEPEIMHI, TaK 1 3a MEKaMH OpraHizarii.

30BHIIIIHI 3arpo3H MOXOJIATH Bijl OCi0, sAKi MepeOyBarOTh 32 MEXKaMHU
oprasizailii i He BOJIOJIIOTh CAHKI[IOHOBAHUM JIOCTYTIOM JIO KOMITFOTEPHHX
CHCTEM 1 MepeX. 3ITOBMUCHUKH IMPOHUKAIOTh B MEPEXKY 330BHI, TOJOBHUM
yuHOM - 3 I[HTepHeTy, TO O0€3JIpOTOBUX KaHajdax 1 dYepe3 CcepBepH
KOMYTOBAHOT'O JIOCTYITY.

BHyTpimHi 3arpo3n MOXOIATH BiJ KOPUCTYBayiB, IO MalOTh
o(QimiiHO JO3BOJIEHMH JOCTYN B MeEpeXy 3 OOJIKOBHM 3amucoM abo
Gi3MYHUI TOCTYN O MEPEXHOTo O0NaJHaHHS. 3OBMUCHHKH, aTaKylodi
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HAYKOBO-MPAKTUYHA KOH®EPEHLIIS ;
«MPOBMEMU EKCNNYATAUIT TA 3AXUCTY IHOGOPMALINHO-KOMYHIKAUINHUX CUCTEM»
4— 6 YEPBHSA 2019 P., HALIOHANBHUM ABIALIVHWUIA YHIBEPCUTET, M. KUIB

MEpEeXXy 3CEepelrHM, 3HAOMi 3 BHYTPINIHHOIO TOJITHKOIO 1 ITEPCOHATIOM.
Kpim Tor0, BOHM 3a3BHYali 3HAIOTH, sIKa iH(QOPMAITis PEACTABIISIE IHHICT
1 HaHO1MTBII Bpa3JKBa, a TAKOXK - SIK OTPUMATH 10 Hel TOCTYII.

OpHak He BCi BHYTpIIIHI aTakd € HAaBMHUCHHMHU. Y JESIKUX
BHMAJKaX, BHYTPIIIHS 3arpo3a BUXOAWTH BiJ CyMIIIHHOTO TMpalliBHUKA,
SKUM, mepeOyBaloyM 3a MeXaMHM KOMIIaHii, CTaB >KEPTBOIO Bipycy abo
MOpyIIeHHsT Oe3MeKH i, 3roJloOM, HEYCBIIOMIIEHO MPHUHIC IF0 3arpo3y y
BHYTPILLIHIO MEPEXY.

OcHoBHUM moka3HukoM DDoS-ataku B Mepexi mpoBaiiziepa Oyne
Bukopuctanusi 100% BHUKOPUCTaHHS LEHTPAJIBLHOTO MPOIECOpPYy Ha
MapmpyTu3aTopi abo B3araii BiACYTHICTH 3B’S3Ky 3 HUM. SIKIo araka
BiIOyBaEThCS y KIIiEHTa MOXKHA 1ToOaunTy maninas BGP- ceciit 3 HuM Ta
30inpmieHHs Tpagiky B KaHani. Yacrime BcbOro BeNWKI NpoBaiaepu
BUKOPHUCTOBYIOTh MeTOJ 3axucTy Bif DDoS- arak 3acobamu nuHamigHOl
MapmpyTu3arii: - meron Blackhole («4opHoi mipm») Ta aHamizaTopu
tpadiky mo IP-anpeci, Taxi sixk sFlow ta Kibana.

Blackhole no3Bonsie ynpasnstu TpadikoMm Ha piBHI npoBaiaepa, 10
nmomaganas B Hamry AS. BiH edexTuBHMI ansi GOpOTHOM 3 BEIUKAMHU
aTakaM¥ Ha MPOIMYCKHY 3JaTHICTh KaHaly. Y MaricTpalibHHX MpoBaii/iepiB
MapIIpyTH JI0 MPUBATHUX MEPEK, 3EOUTBIIIOT0, MAIOTh OyTH CIIPSIMOBaHI B
Null0 (Cisco Ttepminonoris, B Juniper - discard) makeru 3 azapecoro
MpU3HAYEHHS i€l Mepexi OyTy aBTOMaTHYHO BiJIKUJATHCS - TOTPAILISATH B
«YOpHY Jipy» Ille B MEpexXi MpoBaiiaepa.
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HAYKOBO-TIPAKTUYHA KOH®EPEHLIIST
JIPOBAEMH EKCIIAYATALII TA 3AXUCTY IHOGOPMAILIMHO-KOMYHIKALIMHUX CUCTEM»
4— 6 yepBHst 2019 p., HALIOHAABHMI ABIALUMHUWI YHIBEPCUTET, M. KuiB

YK 621.391 (043.2)
A. O. ITaBaeHko
Hayionanvnuii asiayitinuii ynisepcumem, m. Kuis

3AXUIIIEHA KOPIIOPATUBHA MEPEXKA IIJAINPUEMCTBA 3
PO3NOAIJIEHOIO CTPYKTYPOIO

OcTaHHIM dYacoM B CBITI TEJIEKOMYHIKaIlili CIIOCTEPIraeThCs
MiIBUIICHHS iHTEPEC 10 BipTyalbHHUX MpHUBATHUX Mepex. Lle oOymoBieHo
HEOOXiAHICTIO 3HWKEHHS BUTPAT Ha YTPUMaHHS KOPIOPAaTUBHUX MEPEXK 32
pPaxyHOK OUIBII JEIICBOrO MiJKIOYCHHS BiJaleHuX OQiciB 1 BiIIaqeHUX
KOpHCTYyBadiB yepe3 Mepexy [nreprer. OgHak HEOOXiTHO BiA3HAYMTH, IO
mpu 00'eMHAHHI Mepex depe3 [HTepHET, BiApa3y K BHHUKAE MUTAHHS PO
Oe3nexky mepefadi JaHUX, TOMY HEOOXiJlHE CTBOPEHHS MEXaHi3MiB, IO
JIO3BOJISIIOTh  3a0€3MeUUTH  KOH(IACHIIHHICTh 1 IUTICHICT, TepeaaHol
iHpopmarii. Mepexi, moOymoBaHi Ha 0a3i TAKMX MEXaHI3MiB Ha3UBAIOTHCS
VPN.

Y po6oti Oyn0 MpOBEACHO PO3TIIsA 3arpo3 iHhopMaIiitHOT Oe3neKn
3 METOI0 BHU3HAUeHHA HaOOpy BHUMOI [0 PO3POOIIOBAILHOI CHUCTEMH
3aXHCTY, & TAKOXK CTBOPEHO 3aXHIIEHY KOPIIOPATHBHY MEPEKY.

Crmig 3ayBaKUTH, WIO BiIOMO TIPO BEJHWKHH TIEpeliKk 3arpo3

iHpopmaniitnoi Oeznexu AC.
Tomy HeoOxigHO knacudikyBaTu 3arposu iHdopmamniiiHoi 6esnexu AC, me
00yMOBJIEHO THM, M0 30epekeHa i 00poboBana iHpoOpMaIist B CydacHUX
AC migmaeTbes BIUIMBY HAI3BHUYAHHO BEIMKOMY YHCITY (DaKTOpiB, B CHITY
YOro CTa€ HEMOXJIMBUM (OpMati3yBaTH 3aJady OMUCY MOBHOI MHOXXHHH

3arpo3. Tox g 3aXHCTy CHUCTEMHM 3a3BUYail BH3HA4YalOTh HE MOBHUMU

56



HAYKOBO-TIPAKTUYHA KOH®EPEHLIIST
JIPOBAEMH EKCIIAYATALII TA 3AXUCTY IHOGOPMAILIMHO-KOMYHIKALIMHUX CUCTEM»
4— 6 yepBHst 2019 p., HALIOHAABHMI ABIALUMHUWI YHIBEPCUTET, M. KuiB

Mepesik 3arpo3, a Mepetik KiaciB 3arpos. [lepernik KiaciB 3arpo3 sBIIsiE
co00r0 0a3oBi O3HAaKH, TOOTO, MPUPOJIAa BUHUKHEHHS, CTYIICHI Ta METOIH
TIPOSIBIB 3arpo3.

Binbimicte  mpoOiieM 3 TOTEHIIMHMMHU 3arpo3aMH  BiIKPUTOTO
iHTEepHETY MOXe BUpimutu VPN.

Hepinko mrogsm moTpiOeH mocTym J0 CBO€i iHbopmarii, 1o
30epiraeTbcs Ha IX JOMAIIHBOMY KOMI'IOTepi, 800 Ha KOMITIOTepi QipMu.
VPN — rtex”oioris ska [n03BOJIsI€ 3a0e3lneynTd ofHe abo JeKlIbKa
MepeKeBUX 3’€HaHb (JIOTIYHY MEpEeXy) MOBEpX iHIIOI MepexXi(HanpHKIag
Intepuer). Mera VPN TtexHomorii momsirac B MakCHMaJIbHOMY CTYTIEHI
BiIOKpEeMJICHHS ITOTOKIB IaHWX OJHOTO ITiAMPHEMCTBA BiJ MOTOKIB JaHUX
BCIX  IHIIMX KOPHUCTYBadiB MEpeXi 3arajJbHOr0  KOPHUCTYBaHHSL.
BimocoOsienicts moBMHHA OyTH 3a0e3leueHa BiJHOCHO IapaMeTpiB
MIPOITYCKHOI 3AaTHOCTI TOTOKIB, AKi rapaHTyI0Th KOH(iAeHIIHHICTh. OTXKe,
3aBHaHHAMHU TexHoJjorii VPN — € 3a0e3nedeHHs B Mepekax 3arajbHoro
KOPHCTYBaHHSI TapaHTOBAHO]I SIKOCTI 0OCIyTOBYBaHHS IS MOTOKIB JaHUX, a
TAKOX 3aXUCT iX BiJI MOKJIMBOT'O HECAHKI[IOHOBAHOTO JIOCTYITY.

[lincymoByroun, xody cka3zaTH, o TexHomorii VPN wmae
MIEPCIIeKTHBY Ha IMUPOKE TOMIMPEHHS 10 BCHOMY CBiTy, HE JIHIIE I

MpUBaTHUX O(ICHUX MEPEX ane, i AT IEPCOHATBHUX.
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V]IK 654.164
M.I'.inuyk

Hayionanvnuti asiayitinuii ynieepcumem, m. Kuig

YAOCKOHAJIEHHSAA ABOHEHTCBKOI'O TEPMIHAJTY CUCTEMHU TEXHOJIOT'TYHOI'O
3B’SAA3KY AEPOIIOPTY

Opranizaiiisi BApOOHUIITBA MOCIYT B Cy4aCHOMY aepOIopTy 3aCHOBaHA Ha
BIIPOBA/PKEHH1 KOMII'FOTEPHUX MEPEK, CTBOPEHHI KOMI'IOTEPU30BAHUX POOOUYUX MICIb.
Jig 3maroakeHoi poOoTH BUpOOHMYMX MPOLIECIB OpraHi3oBaHa iHdopmaliiine
CEpelIOBUIIE, B IKOMY MICTUThCS 1H(OpMaIis PO CTaH MPoLeciB BUPOOHHUIITBA 1
CIIO’KMBAYIB MOCIIYT, 110 PeaTi3yeThCs B 0ararbox BIJIOMUX CHCTEMaX YIPaBIIiHHS
po60TOI0 aeporopTiB. 3acoO0M peatizallii Takoi MepeXki BUCTYIIA€ Pajiio3B’ 130K, a CaMUM
CEPENIOBUIIEM CTAE CHCTEMa TEXHOJIOTTYHOTO 3B’ 513Ky aeponopty (CT3).

Jlyis opraHizaiiii CHCTEMHU TEXHOJOTIYHOTO 3B’ 3Ky Ha TEPUTOPIl aepornopty Oysio
obpano crannapt TETRA. 3acTtocoByroun ioro Jyist oprasizaiiii CHCTeMU TEXHOJIOTTYHOTO
3B’SI3KY aepoIopTy, aKTyaIbHOIO 3aJIUIIAE€THCS MOTpeda y MABUIIICHH] HAAIHOCTI poOOTH
Ta mpare3aaTHocTi Mepexi. g nporo BinpoBapkyeThes miathopma eXTRAS, ska He
JIUIIIE TIOKPAITYE 111 TOKa3HUKHU, a i PO3MINPIOE CIIEKTP MOKIIMBHUX OTIEPAIliid 3 BETUKUMU
MacCHBaMHM JIaHUX, 1110 OYyTh MOCTIMHO NEPEMIILYBATUCH IHPPACTPYKTYPOIO a€pPOMOPTY.
OCHOBHUM YMHHUKOM, 1110 HAJIA€ MPaIE3IaTHOCTI CUCTEMI, € CTIMKA JIO BIIMOB TOIMOJIOTS,
10 3yMOBJIEHA PO3IIICHUMHA KOMYTAaTOPaMU, IIIJTI03aMH 1 PO3IIUPEHUM PEXKUMOM
aBTOHOMHOI po00TH 0a30BUX PaJIIOCTAHIIIN 3 MOXKJIMBICTIO HEUTpasizallli MOXKIMBUX
HeclpaBHOCTEH Oe3nocepeiHbo Ha piBHI bC.

[Tpo6ieMor0 BUKOPUCTAHHS 111€1 CUCTEMHU B paMKax YMOB a€poIopTy cTae ii
HE3aXMIIEHICTh BiJ SIBUIIIA MK CHMBOJILHOT 1HTEep(dEpeHIIii, 1110 B CBOIO YEPTy BUKIUKAHE
0araTonmpoOMEHEBHUM MOLTUPEHHSIM CUTHAIIB.

3anns 3a0e3nedeHHs HaaiiHoCTI nepenayl iHopmarrii B CT3, moTpiOHO
BUKOPHCTOBYBATH TaKWU METOJ TMepeadl JaHuX, y SKoMy TepeadadeHi crocooun
OOpOTHOM 3 SIBUIIEM MiK CHMBOJIBHOI iHTepdepertii. HaiOuIbII i IXoasIuM, IS
3aCTOCYBaHHS B yMOBax aeponopty metogom, € OFDM-(anrmn. orthogonal frequency-
division multiplexing) — MyJIbTUIIIEKCYBaHHS 3 OPTOTOHAIBHUM YaCTOTHUM YIIUTbHEHHAM
KaHaJIIB. Y JaHOMY METO/I1 nepeadl CUTHaJIB, 3a3HayeHa NpodiieMa BUPIIIYETHCS
IUIIXOM 3aCTOCYBaHHS 3aXMCHOT'O 1HTEpBaLy, IKUM Ha MPAKTHIIl BUCTYTA€ HUKIIYHUAN
npedikc, MO € KOIMIE€0 KOPUCHOTO CErMEHTY KOPUCHOTO CUTHAITY, a CaMe KIHIIEBOIO
yacTuHO nornepeansoro OFDM cuMBody, 1 3aiimae micie Ha nmoyaTky koxkHoro OFDM
KaJIpy, 10 MepeaaeThCsl.

BaxxnuBuM € Te, 1110 KpiM YCYHEHHS SIBUIIIA MK CUMBOJIbHO1 1HTEpdepeHniiii, OFDM
HaJia€e psj IepeBar, 1o 3yMOBJICHI METOI0M IMepe/iadi 3a JOIIOMOTOO ITiIHECYYHX.

B cykymnHocTi 3 Bukopucranusam crannapty TETRA, 1110 B cBoro yepry mMae BKIIOUYECHY
B cebe uiaropmy eXTRAS, 3actocyBanus OFDM 3a0e3neuye opranizaiiito CHCTEMH
TEXHOJIOTIYHOTO 3B’SI3KY, SIKa MATHME BUCOKHI PIBEHB MPAIe3JaTHOCTI, 3aXHUIIEHOCTI
CHCTEMH BiJl 3T0BMHCHHUKIB Ta BIIMOB IIPHU POOOTI, OTHOYACHO ITHOPYIOUH SBHILE
MIDKCHUMBOJIBHOT iHTEep(depeHilii.
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4 — 6 YEPBHA 2019 P., HALIOHANIbHW ABIALINHWIA YHIBEPCUTET, M. KM1iB

YK 621.39.005 (043.2)
A.IL. CoBrups
Hayionanvnuti asiayitinuii ynisepcumem, m. Kuis

Pagiomepexa cucTeMu CTUIBHHKOBOIO 3B’ SI3KY

Ha cporomuimHii neHp 1mo BCil YkpaiHi ycmimHO (GyHKIIOHYE
Jpyre MoKomiHHSA MoOineHOTO 3B’s13ky GSM (2G). [ochyru, mo MoXyTh
HagaBaTucs Mepexxamu GSM:
e [lepenaBaHHs roJIOCOBOI iH(pOPMAIIii.
e Jlocmyra mnepenaBaHHS JaHMX (CHHXPOHHMM Ta aCHMHXPOHHMH
0OMIH JJaHUMU, B TOMY YHCII NakeTHa nepenada qaHnx — GPRS).
¢ [lepemaBaHHS KOPOTKHUX MOBiIOMICHb (SMS).
¢ [lepemaBaHHS MyJIbTUMENIMHUX TTOBiAOMIIEHE (MMS).
e [lepenaBanHa TekcToBux iH(popmanidHux mosimomiens (Cell
Broadcast)
* [lepenaBaHHs (axciB.
[Ipotiec BHOOPY CTUTHHHKA.
[licna BmukanHs xuBieHHS MC BHKOHY€ MOIIYK IIMPOKOMOBHHUX
KaHaJiB.
Koxna BC nepenae ni kaHanu 3 TOCTIHHOIO MOTYXHICTIO HA YacTOTi,
TaKi 4aCTOTH Pi3Hi B KJIacTepi.
B mporreci momryky, MC:

=  CkaHye Tiagiana3oH 9acTOT MPSIMAX KaHAIIB.

* Bumipioe cepeHIO MOTYKHICTh PafiOCHUTHATY Ha KOKHIM 4acTOTi.

* 3amam’sATOBY€E 4acTOTH f 3 MOCTIHHOIO MOTY KHICTIO CUTHAIIB.

=  OOwupae 9acTOTy Ha SAKii MOTYKHICTh MaKCUMaJIbHA.

= [lepesipsie nmepenaay kanary FCCH.

MobinbHa cTaHLis Moe He cOpPMYBaTH Taki OiTH, B IbOMY BUIIAJIKY
MOOUIbHA CTaHLis NEpPeHANTAIITOBYE CHHTE3aTOpP Ha iHIIY YacTOTy 3
MEHIIIOI0 TIOTYXKHICTIO CHTHalIy, Ta 3HOBY IEpEBIps€ Meperady KaHaly
FCCH.

[Ipouec po3paxyHKy OrOKETY HOTYKHOCTI.

[lizroroBka xeHaoBepa.

Kontponep mpuiimae pimieHHsS Mpo HEOOXiTHICTH XEHIOBEpA y JBOX

BUIIAJIKAX:

® Biacrans L> 35 kM., ipu 1bOMy HOPYIIYEThCS CHHXpOHi3ariss MC

Ta bC HaBITh IPU CHJILHOMY CHUTHAJTI 1 MaJIOMY BiZICOTKY ITOMHJIOK.
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* byap-sakuit ycepeaHeHuit mapameTp N pas3iB Miapsa BUXOAWTH 3a
Mexi gomycky (N=1...31). 3magenns N 1 Bci JOITyCKH
BCTaHOBIIIOIOTHCS B TIpolleci HajamTyBaHHA cuctemu bC
IHIVBITyalIbHO JUTS KOXKHOI 30HH LA.

Crxmananns ciucky bC kanmumaTiB Ha XeHIOBEP, HA OCHOBI BUXITHHX

JTAHKX.
s BC BUKOHY€ETBCS HEPIBHICTb.

Prpi = P +max[0; P,

Pl mprL i OpIO0sEd B

Mpg,max }]

dbopMyna O3paxyHKy 6}011>1<eTa HOTy)I(HOCTiZ
Bz’ = |min Prrpmnas,D:Prrpq.mﬂx Prrpm[!l - ﬁP]

- [min(Pwuag,i: Prrpq_.mﬂx} —F rrpml]

P np,0 — pipens FCCH cepgicuoi BC Ha Bxoai npuiimaua MC;

PHPMJ ~ piBHi npuitasatux curnanis FCCH cycignix BC. i = 1...n;

Papwmini = wigivansmmii JOMYCTUMUN piBEHb MPHUHHATOTO CHUTHAILY
cyciganoi BC;

B npAmax  MakcMMasibHa MOTYXKHICTh epenaBada MC;

Py

P mpAA03B1  no3BoJIeHa MOTYKHICTH MC B CyCiIHIX CTiIBHUKAX;
AP = Pnp,EL,,max — P,

cepBicHOI bC;

[Mpwitmaneanii curaan bBC1 menmmii Hixk BC2, BC1<BC2 (-60<-58),
onHak B ctitbHUKy BC2 MC mae medinuT MOTYXHOCTI HepeaBaua
(30<33), Tomy obupae mist xengosepa nepiury bC.

[Ticnst mbOTrO BUKOHYETHCS MEpEXeBa OIepalis B pe3ylbTarTi SKoi,
kaHan Tpadika mepemukaeTbcss Ha obpany BC. YmoBa B_i>B min
MOXKe He BHKOHYBaTHcs ais Bcix cycigaix BC. B npomy Bumanmky
BUPaxOBYBaHHS IXHIX OIOIKETIB MPONOBKYETbCA 1 BCI BOHU €
KaHIUaTaMH Ha XCHJJOBEP.

pA.A038,0  no3posiena motyxkHicts MC B cTiibHEKY cepBicHOi BC;

PA.GAKT * peseps MOTYXKHOCTI NepenaBaya
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YK 621.39 (043.2)
B.O. Xapsb, B.B. AuToHOB
Hayionanvnuti asiayitinuii ynisepcumem, m. Kuis

IA®POBA CUCTEMA KOMYTAIIII SI 2000 V. 5

Ha cporomuimmHiii [eHs 3B’A30K BiAirpae MEpPUIOPSIAHY pPOJNb Y BCIX
chepax JIIOJACHKOT MiSJIBHOCTI: B CKOHOMIII ¥ MPOMHUCIIOBOCTI, Haylli i
TEXHilll, KyJIbTYypi, 1ePKaBHOMY KEPiBHHIITBI.

Mepexi 3B’S3Ky — II¢ TOJOBHI KOMYHIKallidHI JiHI, 1O SKAM
nepenaeThes iH(opMallis, 1 SKi BHACHIIOK IIbOTO HAATO PO3IIMPUIUCH IO
cBOiM MacmTadbaM i pyHKIIOHATBHUM MOXKITMBOCTSIM.

Po3BuTOK enekTpo3B’s3Ky B Halliil KpaiHi, Ha Xallb, iae 3 IeSIKUM
BIZICTaBaHHSAM BiJl PO3BMHEHMX 3aKOpAOHHUX KpaiH. He3Bakaroun Ha ne, B
VYkpaini MoxHa Mo0aunTH 3HAYHUN MPOrpec — e IOB’S3aHO 3 TOSBOIO
HOBHX OIIEPATOPIiB 3B’S3KY.

Jiis 3a0BOJIEHHS Cy4YacHWX BHMOT B OOJIaCTi €NIeKTPO3B 3Ky U
MTOBHOIIIHHOTO BXOJKEHHS Y CBITOBE TEJIEKOMYHIKalliifHE CITiIBTOBApPHCTBO
HeoOXimHui mepexin m0 LuGpoBoi KomyTamii. 3HAYHUM KPOKOM Y
PO3BUTKY TEIEKOMYHIKaIliii cTana modymaoBa NU(POBUX CUCTEM KOMYTAIIii.
Ha w™epexxax VYkpainm BrnpoBakeHO gocuTh Oarato tumis [ICK
nepeBakHO 3apyOixkHOI po3poOku. Lludposa cucrema xomyTtauii S12000,
po3podnena cmosercbkoo Qipmoro ISKRATEL, BUpoOmseThCsl B KITBKOX
KpaiHaxXx, B TOMYy YHCIi i B YKpaiHi, CHiJIbHE YKpaiHCHKO-CIOBEHCHKE
mianpueMctBo “Monic” (M. XapkiB) Ha Mepexax KpaiHW BIIPOBAKYE
uudpoBe TeleKoMyHikaliiiHe obnanHanHs cimeiictBa SI12000. JJoctaTHBO
BeNMKa KUTBKICTh aOoHeHTIB craHilii SI2000 MOXyTh 3 UYECTIO OIIHUTH
SIKICTB 3B’SI3KY Ta IIAPOKHUI CIIEKTP T0TaTKOBHUX TTOCITYT.

LCK SI2000 mae rHy4Ky MOAYJNBbHY apXiTekTypy oOmamnaHas i 113,
KOMYTalil0 1 KepyBaHHS, LEHTPai30BaHi eKCIUTyaTalil0o 1 TeXHiYHe
00CITyTOBYBaHHS, IHTETPOBAaHY CHUCTEMY CICKTpOXuBICHHS. Llg nmdposa
cUcTeMa  eKOHOMi4Ha, 1I MOXHa JIETKO  TPUCTOCOBYBaTH IO
00CITyroByBaHHS TEPUTOPIN 3 MAJIOIO IIITHLHICTIO HACEIICHHS.

Jlana xomyTarjiiiHa cucTeMa HeBHOArjauBa 10 YMOB BHKOPHCTaHHS Ha
Mepexi Ta g0 ymoB goBkiunit. [[CK SI2000 mae mumpoki MOKIHBOCTI
BUKOPUCTAaHHS Ha BCIX i€papXiyHHX piBHAX MICBKHUX Ta CLIbCHKUX
TEJICKOMYHIKAI[IfHUX ~ Mepe)kaX  3arajJbHOro  KOPHCTYBaHHI 1 B
KOPIIOPaTUBHUX MEpeKax.
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B xoni BukoHaHHS po0OOTH OyJH MpOBeneH! po3paxyHKH HaBaHTAKEHHS
1u¢poBoI CTaHIii Ta KUTBKOCTI 3 €AHYBaJIbHUX JiHIH, 10 T03BOJISIOTH
migkmountiuch  Omepatopy 10 T¢oM3K, po3paxoBaHO CHrHajJbHE
HaBaHTKEHHS, SKe Nepea0adacThcss MapIIPyTyBaTH MiXK KOMYTAIllHHUMU
CTaHIISIMH OTIEPaTOPIB.

B nmaniit po0OoTi po3paxoBaHO KUIBKICTH OOJaJHAHHS CTaHIl, CKJIAJ
oOmagHanHs ungpoBoi komyrauiiHoi cranuii SI-2000. [lani pesynbraTn
MOXXYTb OYTH BUKOPHUCTaHI Ha MPAKTHIII.

Mepea Oneparopa
MIIK, AMTC/OITC,
MSC

AMTC
TM3K wicta

11809

*¥

TM3K

12809 ofnacti

TM3K

- onTe
e 12 000NN oK
. i "
. 215109 Mojgry | 10w ABC VEpaien
(epine 039), 23b
E2] N[H
1
HAIpAME
N

Tpauitka. Mapmpymania cnesoro Tpadixy adomestis Onepatopa

mepenfamacTees Tepes OITTC-1 ra OITC-2 BAT “Viprezeson™
MapmpyTH3anis MiEMICEEOTO TA MUEEADOIHOTO Tpadika afoReETIE
Omeparopa B MicTI mepenfauacTsed a5 Tepes VMoBHE NOIHATEHRA:

AMTC BAT “Viprenerow”, 12K 1 o suacaid sepesi Oneparopa. * - Bl ICHYWI KOK, K BIaCo] HyMepani,

** - Bel 1CHYROM KOIH MIcTa, KPIM BIaCH0] EyMepami:
Puc.1. Cxema mapmpyTuzauii Tpadixy Big/mo AMTC/OIITC
Omneparopa
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YK (
lenect H.A.., cTyaeHT

Hanionansauii aBiauiiiHuii yHiBepcuTet, Kuis
OxopoHHa Mepexa aBialiiiHOr0 MiANPUEMCTBA HA OCHOBI TexHoJIorii PLC

[lpu 3aranpHid T700a7bHIA KOMITIOTEpHU3alii, SK MIPOCTOrO HACENEHHs, TaK 1 MiANPHEMCTB,
opranizamiif 1 cenciayx0 3'aBuiacs HEOOXiAHICTH OpraHizauii KOMI'IOTepHUX Mepex. OIHHMM 3 BapiaHTiB
oprasizalii Mepex € cucTeMa repejadi 1aHX eHeproMepex i3 3acTocyBaHHAM TexHouorii PLC

Texunomoris PLC peanizye NpUHIUI MHOXHUHHOTO JOCTYyIy "Touka - Oe3miu Touok". JlokanmbHa
TparcopMaTopHa TIACTaHINS TIOCTa4ae TEBHOMY YHCIYy Oy/iBenb eNeKTPOeHepriro i, OIHOYACHO,
3a0e3revye MiIKII0YeHHM KOpPHCTyBayaM TOCIYyTH Tiepenadi maHuX, [P-temedonii ta iHmwmx. OCHOBHUM
KiHIIeBUM OOJiaHaHHsM ciiiff BBaatn PLC-MoxmeM, skuii 3a3Buuaii peainizye intepdeiic mis 3B's3ky 3 [1K:
USB, a6o - Ethernet. Takum unHOM, MOJIEM MiJKITIOYAETHCS 0 JKepena iHpopmanii - posetui 220B, a Ha
BHXOJI 3 BiamosimHoro iHTepdeiicy mo IIK. MoxnuBuit Bapiant, konu napaiensHo 3 [IK migkimrodaerses

TenedoH, mo miarpumye pexxum VolP.

PCL-mowmopaimens ¢ Ahes UrtHpae Amih
WL - .1} [ mmamaTae 0070
Lt ]
Feproparanne
MaRKIAEATELA

r.;'?g;-ﬂ =
--..,'
1 :'I.lrlrp:n.m'n:

2

Agwr-100

J

ﬂn.ua-euuan!(l .'.hﬁ
L0

Puc 1. Cxema ninkiroueHHS KOpIOPaTUBHUX KOPUCTYBaviB 70 [HTepHeTy 3a TexHonorieto PLC

Texnonoris PLC - HailigemeBmmii crmoci®0 CTBOpEHHS IOMAIIHBOI MEpeXi, Tak SK HE BHUMarae BiX
KOPUCTyBada BCTAHOBJICHHS OJATKOBUX KaOeIiB >XUBJCHHS 1 JO3BOJIAE MigKIIOUuTH 10 Mepexi PLC
JKUTENIB [iytoro kBapranry. OnHe MaiicTep-npuCTpiid 3aaTHUIA 3a0e3nednTr AocTyn B Internet uepes mepexy
PLC nmnst 500 kopuctyBauis. [[is boro KopucTyBadi MOBHHHI MaTH y cebe B KBapTHpax aJanTepHi MPUCTPOi,
10 Mictars moxemu PLC
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YK (
Ilenenko O.C., cryneHT
Harmtionansnuit aBianiiinuii yaisepcurer, Kuis

YHiBepcaabHiii pagionpuiiMaabHuil npucTpiii pagiocranuii
aBianiiiHoro NoBiTPpsIHOrO paaio3B’sA3KY
CtpiMKuii pO3BUTOK MiKpOEIEKTPOHHOI UG POBOI 1 aHAIOTO-IU(POBOI eIIeMEHTHOI 0a3H i osBa

HOBUX KOMIIOHEHTIB JI03BOJISIE BAKOHATH BHCOKOSKICHUH TpUiiMad Ha OCHOBI ITM()POBHX IPHHIIHITIB
00po6ku pamiocurrany. Lludposa 06pobOka curHany B IpUHAMAalIbHUX CUCTEMax MOXKe OyTH BUKOPHCTaHA 3
TOTO MICIIS PaliOTPAKTY, € YaCTOTa CUTHATY 3HIKYETHCSI HACTUTBLKH, 1100 MOKHA Oyito 0e3 BTpat
JIUCKpETH3yBaTH curHal 3a ponomoror ALIT i o6pobutn moTiM BiATikKu CUTHATY TH(QPOBUM CUTHATLHIM
mporecopoM abo crenianizoBaHuM nporecopom. [Ipu npomMy HaiiOIIBIT BUT1IHOO 3 TOUKH 30pY UG POBOL

00poOKu curHay € 00poOka curHay Ha Hyaso0BHi [1Y (Ha BimeowacToTi).

1-i M
v reTepoiH oAy e
l undcpp osoro
NpUEMHUNKA
NpecenekTop (bl NonocoBoii
~*  aTTeHloaTop, [™ gwetp | MY
YBY —| Bbl4HcnUTENBHAA
cpena
| Ky o6paéoTKa
> DSP
T AUn * ynpaenedne [
O | AemMopynauiAa oToGpaxeHile
MOHUTOPHHT - HynpaBnene
nepenaya
F  BaHHbIX
— KkapyruMkaHanamDDC
oT APY X LG poBbIX <
NpHEMHIKOB L

AITI nmepeTBOprO€ aHAIOTOBUI CUTHAM, IO HAAXOAUTh 3 BUXOy MKpokocMmyrosoro 114, B
IUQPOBUH MOTIK BIUTIKIB 1 oJasbina 00poOKa BUKOHYEThCS TMGPOBUM YMHOM. OCHOBHI €IEMEHTH
UQpOBOT YaCTHHY MpUMaya 30cepeiKeHi B Moyl iudpoBoro npuiimaya. Lleir Mmoayns BupoOise
KaHaJbHY (UIBTPALIO 1 JEMOIYJISIHMIO CUrHATY. Moyib MOXe 00poOIISATH OJIUH 200 KiJIbKa KaHAIIB
npuiiomy. OCHOBHI KOMITOHEHTH MOy - BucokouacToTHui AL, nndposuii kBaapaTypa MOHMKYIOYHN
nepetBoproBad DDC (ix Moske OyTu Kinbka) i cUrHanpHuUN Tpouecop (mpouecopu). Kpim nepepaxoBanux
GYHKIIH, MOTYTh HUPPOBOTO NMpHiiMada MO>Ke pOOUTH MOHITOPHHT CIIEKTPa BXiIHOT'O CHTHAJY 32
noriomoroto LIT®D. 3 Buxomy moay:st iHpopMalliiHU MOTIK 1EMOTyIFOBATH JaHUX BiJl OJTHOrO a0
JEKUTBKOX KaHaJIiB MPUHOMY HaAXOJUTh B OOUUCIIOBAIILHY Cepelly IJIs TOAaNbLIol 0OpoOKH. Y Momyi
mudpoBoro npuitMaya Biutiku 3 Buxoxy ALIIT o0pobmsiroThes crienianizoBaHUM CUTHAIBHUM [TPOLIECOPOM
DDC (Digital Down Converter). ®ynkuii 1poro mporecopa - nepeTBopeHHs! iHGOpMaTUBHOTO CIIEKTpa
4acTOT B 0071aCTh HU3BKUX (HYJIHOBUX) YACTOT, KBaApaTypHas (DiMbTpallis i Jerumaris BiJUTiKiB CUTHaITY. 3a

peanizoBanuM (QyHKUIH - e nudpoBuil npuiiMau npsimoro nepersopeHus. DDC Mae 1Ba nepeMHOXyBaya,
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renepatop BiikiB SIN i COS, inentnuni kananu HY genimipytomix ¢insTpi. YacToTa HaCTpOHKH
BHYTPIIIHBOTO T€HEPaTOpa MOXKe 3MIHIOBATHCSA B Aiama3oHi Big 0 mo 25MI ' (10 momoBuHN TaKTOBOT
gactotd DDC).YacToTa 3pi3y $hinpTpiB 3MiHIOETBCS Big coTeHb 't 1o cotens kI 1. [Ipouecop Bupobse
JIeIMaIii Bi[UTiKiB CHTHAITY JUIsl TOTO, 00 MIBUAKICTH MOTOKY AaHuX 3 Buxoxay DDC Bignosigana mmpuHi

CIICKTpa BI/IXi):[HOFO CUIrHaly.

65



HAYKOBO-MPAKTUYHA KOH®EPEHLIIS ;
«MPOBMEMU EKCNNYATAUIT TA 3AXUCTY IHOGOPMALINHO-KOMYHIKAUINHUX CUCTEM»
6 — 7 YEPBHSA 2019 P., HALIOHANBHWI ABIALIMHWA YHIBEPCUTET, M. KuiB

YK 004.75
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noaimexuiunutl incmumym imeni leops Cikopcbkoz2o»
M. Kuis

AHAJII3 BUKOPUCTAHHSA MOJEJI IYBJIYHOI XMAPH B
TH®OPMAIIMHO-TEJEKOMYHIKAIIMHUX MEPEXAX

Ha pammii 4ac po3IJISIIA€Tbes MOXKIHUBICTD PO3TOPTaHHA I1°SITH
MoOJeNei ISl TOCHYT XMapHUX OOYMCIIEHb: IPUBAaTHA XMapa, TPoMaJiChKa
XMapa, myOJiuHa XxMapa, riOpuaHa XMapa Ta BipTyajibHa IpUBaTHA XMapa.
PosrnssHemo Oimbln AeTanbHO OAHY 3 HANOUMIMPUHIMMX MOJENed —
KOMEPITIHHY XMapy, M0 SBISETHCSA PI3HOBHIAOM MOJENI IMyONiYHAX XMap.
[lepeBaroro  miei TexHOJOrI € EKOHOMIYHA  e(EKTUBHICTH Ta
MacIITabOBaHICTh, OJHAK ISl TEXHOJOTiS CTUKAETHCSA 3 IO HHU3KOIO
TPYIHONIIB 1 MpobieM, 30kpeMa podaemMu 6e3neKu Ta JOCTYITHOCTI.

[Ipobnemu Ge3mekn B XMapHUX OOYMCICHHSIX 3a3BUYal ITOB’SI3aHI 3
OCHOBHUMH TEXHOJIOTIYHUMH KOMIIOHEHTAMH, HA SKi IOKJIQAalOThCS
xMapHi o0uncneHHs. [{lumMn koMnoHeHTamMu € BeO-T0AaTKH, BipTyani3aris i
kpuntorpagiydi  Metogud. OCHOBHOI 3arpo300 i BeO-CKIIaJI0BOI
XMapHUX OOYHCIICHb € aTaku ceaHcoBoro piBHs mozeni OSI Ta iH’ekifiHi
aTaky Ha BeO-IIOJIaTKH, a BipTyami3aliitHuii 6ap’ep Moke OyTH MPOPBAHUIA
XaKepamu, 10 IPU3BOAUTH 0 YaCTKOBOTO M HABITh IIOBHOTO JIOCTYITY JI0
JaHUX.

Ho cropoHHiXx mpobineM Oe3MeKH MOKHa BiTHECTH MPOOIeMy
BCTAHOBJICHUX IPOrpaM B XMapHOMY CEPEIOBHILI, I10 MOXYTb MICTUTH
Bpa3NIMBOCTI, SKi JTO3BOJISIOTH IOTPAIMUTA BCEPEAMHY 1HPPACTPYKTYPH.
Takox icHye mnpoOiemMa BiJHOBICHHS [aHUX MHHYJIHX KOPUCTYBadiB
CepBiCiB HOBUMH KOPHCTyBayaMH Yepe3 BUKOPUCTAHHS OAHUX 1 THX CaMHUX
armapaTHHUX PecypciB.

Anani3 myOaikanii B naniii mpeameTHili o0aacTti mokasye, 1o Ha
aHW dYac mpobiema Oe3nmeKH XMapHUX CEePBICIB TOPKAETHCS HAaBITh
JiaepiB pHHKY XMapHUX MOCIYT, Takux Sk Amazon, Google, Microsoft, mo
CTBOPIOE HEOOXIJIHICTh CTBOPEHHS HOBUX CIOCOOIB 3aXHCTy JaHUX Ha
pi3HHX pIiBHSIX B3aeMOAil KiieHTa Ta cepBepa. [y BUpimieHHS TaHOl
MpoOJieMH HEOOXiTHO TPOBOJUTH TIEPEBIPKy IIUTICHOCTI [aHUX Ta
ayTeHTH(]iKaIlit0 KOPUCTYBaya.
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IlepeBipka IMUTICHOCTI MaHWX y XMapi € HEOOXiJTHOIO YMOBOIO IS
pO3rOpTaHHS JONATKIB, TOMY IS peamizallii MUCTaHIIIHHOI TEepeBipKU
IUTICHOCTI JaHWX MUISIXOM O0'€JHAHHS KOJY BHIIPABJICHHS TOMWIIOK 1
MEPEBIPKH TOYOK 3allPONIOHOBAHO BHKOPHUCTAHHS TEOPETUYHOI OCHOBY
«Jokasu BigHOBIeHH» (“Proofs of Retrievability”). Po3risiHemo ocHoOBHI
MeXaHi3MH JOCTYIY, IEPEBIPKH Ta 30epiraHHs TaHUX:

Cucrema HAIL, mo BukopuctoBye POR mexaHi3m ans mepeBipku
30epiraHHs JaHUX B PI3HUX XMapax, fKka MO)Ke 3a0e3NeYnTH HaAMIipHICTh
PI3HHX KOIIil Ta peanizyBaTh HasBHICTb 1 IEPEBIPKY IIMICHOCTI.

Bignanena mnepeBipka HaailiHoro moayns miatdopmu (TPM) mis
BiITAJICHOI TIEPEBIPKH ILTICHOCTI JaHHX.

MexanismMu MHU(GPYBaHHS I HATIHHOTO JOCTYITY IO MEPCOHATHHUX
JaHWX y XMapi, II0 BHKOPUCTOBYIOTH Taki amroputmMu sk RSA, 3DES
(puc. 1). Sxkmo RSA BHKOpUCTOBY€TbCA AJsl CTBOPEHHS 3aXHUILEHHOTO
3B’A3Ky MK ayTeHTH(]IKOBaHHM KOPHUCTYBAadeM Ta CEpBEPOM XMapH, TO
3DES- mnst mudpyBaHHs GJIOKIB TaHHX.

— Jaxuiienni
KaHal

A
Samudpopani
naui

[poBaiiiep XMapHOTO cepeloBHINa

2 3ammdposani naui y xmapi

A
6 Bianosins 3
lﬁ JAHPPOBIHH
1 Jlani 3ammppopani MH JIAHHMHA
nepe BiANpPaBKo0

N
5 3anuT Ha
OTPHMAHHA

JIAHHX

B TOPH SOBAHIEE

KIEHT

r \ 3 JanuT Ha apTOpH3ALLIK r

4 Bianosias 3 qaHuMu
MBI A’
ABTOPH3ALLIT )
L P 7 Masni
POUHPPOBYIOTLCH
HA KIiEHTChKIH

cTopoHi

Puc. 1. BapianT mexanizmMy mmgpyBaHHs JJisl HAIIHHOTO JOCTYIY 0
MIEPCOHANIBHUX JTaHUX Y XMapi

Otxe, aHami3 naHoi myOJikamii TMOKa3ye BaXKIIMBICTh IEPEBIPKH
IUTICHOCTI JaHWX Ta ayTeHTU(ikamii kopucTyBada. Po3BUTOK MexaHi3MiB
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HIuxos M.C.
Hayionanvnuii mexniunuii ynisepcumem Yxpainu “Kuigcokuii
noaimexuiunuti incmumym’”’ imeni leopa Cikopcvkozo, m. Kuig
AHAJII3 METO/IB 3ABE3IIEYEHHS HAIIMHOCTI B

THO®OPMAIIMHO-KOMYHIKAIIMHUX MEPEXAX

[HdopmamniiiHO-KOMYHIKAIiiHI MepeXi € HeBiJl'EMHOI YaCTHHOIO
CydJacHOi iH(PACTPYKTYpH i CIYTYIOTh I 3abe3mneueHHs OesnepebiitHoro
3B’S3Ky Ta nepesadi JaHuX Ha BEJUKI BiJICTaHi 0€3 BTPATH YU CIIOTBOPEHHS
mux AanuxX. OJHIE 3 KIIYOBUX XapaKTePUCTHK iH(opMaIliiHO-
KOMYHIKAIIHHAX MepexX, M0 PO3TIAA€ThC NPH iX MPOEKTYBaHHI, € IXHSA
HaJilHICTE. B CBOIO Wepry HamiHICTh € KOMIUIEKCHHM TEPMIiHOM, IO
OIHUCYE CYKYITHICTh OaraThox BJIACTUBOCTEH iH(opMarifino-
KOMYHIKAIlIHHUX MEpeX, a came Oe3BiIMOBHICTh, PEMOHTONPUIATHICTS,
JIOBTOBIYHICTB, 30€pEXXyBaHICTh Ta KOMIUIEKCHA BJIACTHUBICTh HaAiWHOCTI.
Jns  po3paxyHKy 3HA4YC€Hb, IO BIAMOBIJAIOTH IIMM  BIIACTUBOCTSIM
BUKOPUCTOBYIOTBCSI ~ HACTYNHI  KUIBKICHI ~ TOKa3HUKH  HaAidHOCTI:
WMOBIpHICTh 0€3BiAMOBHOI pOOOTH, TYCTHHA PO3MOILTY HapoOITKy g0
BIIMOBM, CEpEJHii HApOOITOK JO BIIMOBH, IHTCHCHUBHICTh BIJMOB,
napameTp MOTOKY BiJMOB, cepejHiii HapoOITOK Ha BiIMOBY, HMOBIpHICTb
BIJHOBJICHHsI B 3aJaHM{ dYac, T'YCTHHA pO3MOATY Yacy BiTHOBJIECHHS,
CepelHii dYac BIJHOBIICHHS, IHTCHCHUBHICTH BITHOBJICHHS, HMOBIpPHICTH
BITHOBJICHHsI B 3aJaHM{ dYac, TYCTHHA PO3MOZITY Yacy BiJHOBJICHHS,
CcepeaHiii uac  BIJIHOBJICHHS, IHTEHCHBHICTH  BiJTHOBJICHHS, Trama-
BIJICOTKOBHI TepMiH 30€peXeHHS, CEpemHii TEepMiH 30epeKeHHS,
KOeQIIlieHT  TOTOBHOCTI, KOEQIIIEHT  TEXHIYHOTO  BUKOPHUCTAHHA,
Koe]ilmieHT omepaTHMBHOI TOTOBHOCTI Ta KOeQilieHT 30epeKeHHS
e(eKTUBHOCTI.

Baxnusoro KOHIICTIITI €10 B Cy4acHUX iHhopMarriitHo-
KOMYHIKaIlIHHUX MepeXaxX € KOHIICMIis MporpaMHO-KOH(DIrypoBaHHX
MEpeX, B SKUX PIBEHb KEPyBaHHS MEPEKEI0 BiIIIICHWH Bif HPUCTPOIB
nepenadi JaHWX 1 peami3yeTscss TpOrpamMHO. B Takux Mepexkax Immif
HaIAHICTIO B TIEpIIy YEpry pO3YMIIOTH BiJIMOBOCTIHKICTH CHCTEMH Ta
3IATHICTh JO IMIBUAKOIO BiJHOBIEHHS. ICHye 2 OKpeMHX MeXaHi3MHU
3a0e3MeUeHHs  BiAMOBOCTIHKOCTI B MeEpeXi: pe3epByBaHHS (3axXUCHE
TIepeMHUKaHH) Ta TiepeMappyTu3ailis (BigHoBmeHHs). 1{i MeToqu MamTh
CBOi HEIOJIKM Ta IepeBard, TOMYy BHOIp pOOMTBCS B 3aJEXKHOCTI BiA
(YHKLIOHANBHUX BUMOT 10 KOHKPETHOI Mepexi, a Oi3Hec-CerMeHTi
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YacTillle BUKOPHCTOBYIOTBbCS 0OWMIaBa MeTonu. PesepByBaHHA mOTpedye
3a3[aNerib MiArOTOBAHOTO J0JAaTKOBOTO (PE3epBHOrO) NUISAXY, MO SKOMY
Oyne HampaBieHuil Bechb Tpadik. Hwkdye HaBenena wiacudikamis
pe3epByBaHHS KOMIIOHEHTIB TEJICKOMYHIKAI[ITHUX CUCTEM:
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B cBoio uepry mnepemapuipyTH3ailisi BHKOHYETHCS 3a PaxyHOK
MOIIYKY HOBOTO IIUISAXY IICHs BiHOBIIEHHS 3B’s13ky. (OCHOBHHMH
BUMOTaMH JI0 METOJiB 3a0e3rleueHHs HaJiiHOCTI € €KOHOMIS MPOIYCKHOT
3MATHOCTi, OOMEXEHHS KOMII'IOTEpHHUX pPecypciB, 3JaTHICTb [0
MacIITa0yBaHHs, BUAKICTh 3aMIIIEHHS Ta CKJIaIHICTh METOY.

TakuM YHHOM, 3aJIE)KHO BiJl PU3HAUCHHS i PO3B'I3YBAHUX 3aBIaHb
iH(opMaIiitHO-KOMYHIKaIliiHI Ta PagiOTeXHIYHI CHCTEMH MAalOTh PI3HHU
CKJIaJ, PI3HI KOHICMIi peani3ailii, TEXHIYHI XapaKTePUCTUKU U
PO3TAIIOBYIOTBCSL HaWyacTilie B pIi3HUX MyHKTaX. Y 3B'A3Ky i3 UM
JONJTFHO ~ PO3TIISIATH  eKCINTyaTalliifHi ~ MpOIecH  CTOCOBHO [0
PalioeIeKTPOHHOTO PUCTPOIO H JINIIIE B OKPEMUX BUMANKAX - IO CUCTEMH
y LiIoMy.
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