ITPOBJIEMHU
THOOPMATHU3ALII

TE3U JOHOBIAEN BOCBMOI
MI)KHAPOJHOI HAYKOBO-TEXHIYHOI
KOH®EPEHIII
11 — 12 kBiTHa 2017 poxy

Kuis -2017



Mpo6nemu iHhopmaTU3auii: BocbMa MixkHapoaHa HayKOBO-TEXHIYHA KOHpepeHLis

VK 621.387:681.327
VY 301pHUKY NIOJIaHO T€3M JOTOBIEH BOCbMOT MI>KHAPOIHOT HAYKOBO-TEXHIYHO1
koH(pepentii “IIpodraemu iHpopmaTuzamii’.

3aTBepKEHO /10 IPYKY Ha PO3LIMPEHOMY 3aCi/IaHHI BUCHOI pajid HaBYaJIbHO-
HAyKOBOTO 1HCTUTYTY TeJIeKOMYHIKalii Ta iHdhopmaTtu3zanii YT, mpotokon Ne 3 Bix
26 6epesns 2017 poky.

OPTAHIBAIIIHHHH KOMITET KOH®EPEHI[II
TI'onoea opzkomimemy:
KO3EJIKOB Cepriit Biktoposud (0.m.H., npogh., Kuis, Ykpaina);
Ynenu opekomimemy:
BYUWOHI IT’ep (0.exonom.n., npogp., lapusc, @panyis);
BUIIHEBCBHKMI Biktop Bixroposud (0.m.x., npog., AVT, Kuis, Yxpaina);
I"ABPUJIEHKO Banepiii Bnagumuposud (0.¢h-m.n., npogh., HTY, Kuis, Yxpaina);
KYPAKOBCBHKWH Bornan Opiitosnu (0.m.1., ooy., JVT, Kuis, Yxpaiua):
3AIKA Bikxrop ®enoposud (0.m.u., ooy., YT, Kuis, Yxpaina);
KO3EJIKOBA Karepuna CepriigHa (0.m.H., npog., IVT, Kuis, Ykpaina);
KOPOBKO bornan Onerosu4 (k.m.w., ooy., [lonmasa, Ykpaina )
KOCEHKO Bikrop Bacunbosuu (k.m.w., ooy., Xapkie, Ykpaina);
KPACHOBAEB Bikrop AnaromniiioBud (0.m.u., npog., XHY, Xapxis, Yrpaina);
KYUVYK I'eopriit AnaromiiioBud (0.m.H., npog., Xapkie, Ykpaina);
JIECELIbKA Xpuctuna (0.exonom.n., npogh., Kamosuye, Ionvwa);
MIXAJIb Oner ITumunoswd (0.m.n1., doy., Xapkis, Yxpaina);
MOBILIOBUWY Onekcanap SAkoBud (0.m.H., npogh., Xapkie, Yxpaina);
MYPABJIbOB Bonogumup B’siuecnaBosud (k.m.x., doy., [IHTY, Ilonmasa,
Vrpaina).
[MEILEXOHOB Bonoaumup ['puroposuu (akademix PAH, 0.m.n., npogh.);
[MOAMACTEPBEB Koctsutun Banentunosud (0.m. 1., npog.);
[MPUXOABKO Cepriii IBanoBHY (0.m.H., npo., Xapxis, YVrpaina);
[TPOKO®’EB I'ennaniii IBaHoBMY (0.m.1., npog.);
PYJAEHKO Ouer I'puropiiioBud (0.m.nH., npog., Xapkis, Yrpaina);
CYXAHOB KocrsauTus ['eopriioBud (k.m.w., c.H.C.);
YJIOBEHKO Cepriii ['puroposuu (0.m.H., npog., Xapxis, Ykpaina);
HIYJIbI'A Onexcannp BacunbsoBud (0.m.#., doy., IIHTY, [lonmasa,
Vkpaina).
Cekpemap opexomimemy:
BJIACEHKO TI'ennaniit Mukonaiiosud (k.m.x., ooy., VT, Kuie, Ykpaina)

© JIYT, 2017



Mpo6nemu iHchpopmaTM3aauii: BoCcbMma MiXXHAapoOHa HayKOBO-TEXHIYHA KOHdepeHLUis

IIVIEHAPHE 3ACIJAHHA
BinkpuTTs BOCBMOI Mi’KHAPOIHOI HAYKOBO-TeXHIYHOI KOH(epeHuil
«IIpodsemu inpopmaTusamiin»
11-12 kBiTHs 2017 poky

BerynHe ¢J10BO rojioBa OPTKOMITETY

JOKTOp TeXHIYHUX HayK, mpodecop Kozenkor Cepriii BiktopoBuy

IIpusitaabHe cj10Bo pexTopa Jlep>kaBHOTO YHIBEPCUTETY TEICKOMYHIKAIIN TOKTOP
TEeXHIYHUX HayK, mpodecop Tomxyoxo Bomogumup boprcosud

Po0oTta nmo cekigx.

CEKIIA 1

3ACTOCYBAHHS TA EKCILTYATAIISI TEJJEKOMYHIKAIIMHUX
CUCTEM TA MEPEX

KepiBHuk cekii: 1.T.H., mpod.., Kozenkos C.B., IYT, Kuis
Cexpertap cekuii: k.T.H. Kebka B.B., JIVT, Kuis

1. TEXHIYHI PIHIEHHA 3ABE3IIEUEHHA 3ABAJIO3AXUIIIEHOCTI
KAHAJIIB INIEPEJAYI MOBIJIBHUX MEPEX 5-ro IIOKOJIIHHA

n.1.H. mpodecop Tonybko B.b., a.1.H. mpodecop bepkman JILH.,na.T.H.
npodeccop KozenxkoB C.B., T'opoxoBcekuit €.I1., [lepkaBHHil yHIBEpCHUTET
TenekoMyHikamiii, M. Kuip

PosrngnaroTbecss NHUTaHHA — 3aCTOCOBAaHHS  CUTHaMB 3 (ha30pi3HULEBOIO
Moxayisriero (OPM) y cucremax 1mudpoBoro paaio-3B's3Ky ITUPOKO 3aCTOCOBYIOTHCS
curHainu 3 (QazopizHuleBoro moxayssiieto (OPM). Inei ®PM Buxopucrani mnpu
po3pob1i  audepeHLiabHUX ~ METOAIB  Mepeladl  CUTHAIB B CHUCTEMax
0araToaHTEHHOTrO PajI103B'3KY.

3anponoHOBaHi anropuTMU POPMYBaHHS 1 OOPOOKH CHUTHAJIB, SIKI JO3BOJISIOTH
JOCSITHYTH 1HBaplaHTHOCTI CHCTeMHM Tepeaadl 1H(opmauii A0 3MiH a3y 1 4acToTu
curHaly. Ha OCHOBI  3ampONOHOBAHMX  AJNTOPUTMIB  PO3pOOJIEHI  CXEMU
MOyJSATOPiB/AeMoayaTopiB curHaimiB apyroro (®PM-2) i tperboro (DPPM-3)
nopsiikiB. Bouu Mictarh koxepu, (a3oBl MOIYJISATOPH/IAEMOAYISTOPH 1 MPHUCTPOI
MIepEeTBOPEHHS Pi3HUIL (a3 Ipyroro adbo TPETHOTO MOPSAKY B 3HAYCHHS MOTOYHOI
(dasu curuaimy.

Po3rnsiHyTi Takok TWTaHHA 1 3alMpONOHOBAaHI TEXHIYHI PIMICHHS peaizaiii
MOTYJISITOPIB/AEMOIYIATOPIB CUTHATIB OUIbII BHCOKMX mopsakiB (DPPM- k ),
anropuT™Mu (PYHKITIOHYBaHHS SKUX BaXKKO OTPUMATH B 3arajibHOMy BUIsiai. Cxemu
OOpOoOKM CHUTHAJIIB TaKUX MOJIYJATOPIB/IEMOAYJISATOPIB MICTATh BHMIpIOBaY
1H(opMaIIiitHOTO MapaMeTpa, 1o OYIYETHCS MO PI3HOMY B 3aJIe’KHOCTI BiJl alpiOPHUX
BIJIOMOCTEH MpO MNPUUHATUNA CUTHAJI 1 3 BpPaxyBaHHSAM MOPSAIKY OOYMCIIOBAHUX
HaJajl pizHUIG (asu.

[TopiBHsATIbHA OILIIHKA TOKAa3ye€, 110 BUKOPUCTAHHS 3alpONOHOBAHMX PILIIEHb
J03BOJISIE ICTOTHO MIABUIIMTH HAJIMHICTD Paaio3B'a3Ky B TypOyJeHTHIH Tporocdepi
KBY niama3zoHy XBWJIb, 3HH3WUTH BHUTPATH Ha OpPTaHi3allil0 BHUCOKOIIBUAKICHOT
3
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panionifii. Y IpakTHYHUX CXE€Max 4epe3 YaCTOTHO-CEJIEKTHBHI 3aBMUPAaHHS Ha Tpacl
MOIIMPEHHS] MUTIMETPOBUX XBWJIb 3aBaJOCTIMKICTh KaHaNIB mepenadi iHpopmarii
CyTTeBO 30inmblryeThcsi. OTKe, 3alpONOHOBAaHI TEXHIUHI PIIMIEHHA € JOCHUTh
e(eKTUBHUMHU 1 MOXKYTh OyTH PEKOMEHIOBaH1 JUIsl BAOCKOHAJICHHS ITUPOKOTO KJIacy
pamiocucteM Tiepedadl 1H¢opmalii mo BUCOKOmBHAKICHUM 1udpouMm KBY
pajiioKaHaiaM 3 IiIBUIIIEHOI0 HAIIMHICTIO.

2. KOHTPOJIb [IEPEBAHTAXEHb HA  OCHOBI CUCTEMU
YITPABJIIHHA 31 3BOPOTHUM 3B'SI3KOM

K.T.H. c.H.c. Topomanko Sf.I., Tapacenko B.B., [lepkxaBHMI1 yHIBEpCHUTET
TeJIeKoMyHikaiii, M. KuiB

PosrnsnaeTpesizagaua praBHIHHH yepram CUCTEMH MacOBOTO 06cnyr013yBaHH;[
TCJ’IeKOMyHlKaHlI/IHOI Mepemz{nﬂ 3aroOiraHHs TMOMMPEHHS  NIePEeBAHTAKEHHS 1
MOJTIMIIICHHS TIPOAYKTUBHOCTI MEpeXi. 3aBIaHHS YMPaBIIHHS BHUPINIYETHCS Ha
TPaHCIIOPTHOMY piBHI 3acob0amu mnpoTokoiny TCP He mocunarouud  BimpaBlICHHS
MOBIIOMJICHHSI TIPO TIE€PEBAaHTAXCHHs BIANPABHUKY 1 HE HABAHTAXYIOUU JOAATKOBO
MEPEXKY.

MexaHi3M ynpaBiIiHHS 4epramMu MpeNCTaBisie coOO0I0 CI/ICTeMy 31 3BOPOTHUM
3B'SI3KOM 13 3ami3HeHHsAM. KommeHcallis 3aTpUMKH 3BOPOTHOTO 3B'A3KY BUKOHYETHCS
MeToJlaMu TepeadadeHHs] 3 BUKOPUCTAaHHSAM MOJIETl aBToperpecii 1 KOB3HOIO
CEpPEeIHbOr0, a TAaKOXX UUISIXOM YCEpEeIHEHHs mapaMmeTpiB BikHa. [lo3UTHBHOTO
pe3yNbTaTy TaKOX MOKHA JOCSITH HUIAXOM Bapiallii 3HaueHb TalM-ayTiB, 3MIHH
MTOJIITHKY TIOBTOPHOI Tepe/iayl MaKeTiB, a TaK0K 3MIHOKO cXxeMu Oydepu3zarrii.

Po3rasiHyTi 0cOOMMBOCTI BUKOPUCTAHHS YIPABIIHHA 31 3BOPOTHUM 3B'SI3KOM B
apxiTektypi iHterpoBanux ciyx0 (Integrated Service Architecture — ISA) mns
HIATPUMKH cyx0 3 pi3HuMHE piBHsAIMHE sKOCTi cepicy (Quality of Service — QoS) B
[HTepHeT-Mepexi 1 B NpUBaTHUX 00'€THAHUX MEPEkKaAX.

3. BUKOPUCTAHHS SDN J1JI1 AHAJIITUYHOI MOJEJII TPA®A ATAK.

Bacunenko B.B., JlepaBHuii yHIBEpCUTET TeJIEKOMYHIKaIii, M. KuiB.

B nanii p060T1 NPONOHYETHCSI MaclITadyBaTU CTPYKTYpPY AJIsL BiJICTEKECHHS
Bpa3jaMBOCTE B KOXKHIM BIpTyalibHIM MalllMHI 1 3aJ€XKHICTh Ypa3IUBOCTI MIXK
BIPTYyaJbHUMHU MalllUHaMU Yy BIPTyalbHIM Mepexki, BUKOPUCTOBYIOUM TIpad arak
aHamiTuyHoi Mojeni. I'pad arak € 1HCTpYMEHTOM MOJCIIOBaHHSA, 1100
MPOUTIOCTPYBATH BC1 MOMJIHMBI IIIAXHW 0araToCTyIiHYACTOl, MYJbTH-XOCT-aTaKH, SKI
MalOTh BUPINIAJIbHE 3HAYECHHS JJI1 PO3YMIHHS 3arpo3 1 3aCTOCYBAaHHSI BIJIOBITHUX
KOHTp3axoaiB. OgHak, 100pe BinoMuid cTad npobieMm rpada arak, poOUTh HOTO HE B
3MO031 3MOJICJIFOBATH CIIEHApii aTak B BEJIMKUX MaciiTadax Mepexi, Takl K BEJIUKi
HEeHTpH 00poOku nanux. [IponoHyeTbes 0OMeXUTH po3Mip Tpada aTak B KEPOBAHOMY
MacmTadbi 3 BukopuctaHHAM SDN ¢yHkuii guHamMiyHOI pexoHdIrypauii Mepexi,
30epirarouu Npu LbOMY MIHIMaJIbHY KOPEJSALI0 Mk rpadaMu aTak.

Y 1bOMy KOHTEKCTI €(EKTUBHUM € BHUKOPHUCTaHHS TMPOTPAMHUX (YHKIIIH
Mepexxi SDN, 100 130/110BaT, BCTAHOBJIIOBATH KapaHTHH 1 MEPEBIPATH Tpadik
BIJIMIPABKHU 3 BPa3iMUBHUX CIyKO0. [[1s1 mocsirtu 1i€i MeTH, BUKOPUCTOBYIOTh KOB3a0ul
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METOAW OOOpPOHM, CTPUMYBAHHS Ta YCYHEHHS aTak 0e3 MepepuBaHHS PETYIISPHOTO
MEpEXHOTO Tpadiky.

4. TIEPCIIEKTUBU IMIABUITEHHA EGEKTUBHOCTI TKC.

I'op6arenko M.B., Komun I[.A., Jlep>kaBHuii yHIBEpCHUTET TEJICKOMYHIKAIIiH,
M. Kuis.

besnocepenHb0 TPOEKTYBaHHS CHUCTEM OE3MPOBOJIOBOTO 3B'SI3KY, B MEpIITy
4yepry, 3I1MCHIOETBCS 3 METOI0 3a0e3leyeHHs 3aJjaHuX TeXHIYHUX BuUMOr. [loTpedu
CHOTOJICHHS BHMAaraloTh BC€ OUIBINOI yBarm 10 MIJABUIICHHA €(EeKTUBHOCTI
npoekToBaHux cucteMm. CrpaBa B TOMY, 10 YaCTOTHUM Ta E€HEPreTUYHUU pecypc
KaHAJTy 3B'SI3Ky BUKOPHUCTOBYETHCS BCE OUIBII 1HTCHCHMBHO a HOTO HANOBHEHHS
MOCTIIHO 301IBIITYETHCSI.

Sx mobpe BimoMO, €PEKTUBHICTh JOBITBHOI CHCTEMH B 3arajlbHOMY BHUIIAJIKY
BU3HAYAE€THCA KIUIBKICTIO Ta SKICTIO CTBOpPEeHOi mpoaykuii. OOOB’SI3KOBO CIif
BPaxoOBYBaTH, LIO IpPU BUKOPUCTAHHI LU(PPOBOrO CUTHATY BUHUKAIOTH IIEBHI
MPOTUPIYYS: SKILO 33J1aTh OOMEXEHY TPUBAIICTh CUTHANY 1B 4acoBid 00J1acTi, TO
HOTO CHEKTP CTAaE HEOOMEKEHUM B YaCTOTHINA 00JIaCTI.

I HaBmaku, SIKIIO CHUTHAJI OOMEXEeHUH cMyroro Bg B 4acToTHIM 00Jsacti, TO BiH
cTa€ HEOOMEKEHUM B 4acoBiil oOnacti. [IpoekTyBanbHUKY JOBOJIUTHCS BUPIIIYBATU
MPOTUPIYYS] TA BUKOPUCTOBYBATH CUTHAJM, SIKI OOMEXKEHI SIK 3a IIUPUHOIO CHEKTPY,
TaK 1 3a TPUBAIICTIO, IIYKAIOYH ONTHMAJIbHE CHIBBIJIHOMICHHS MK THUM 1 JAPYTUM
OOMEXKEHHSIMH.

5. TIPUHIIUIIOBI HIJIXOIU JOIIOBY JOBU TEJIEKOMYHIKALIIMHNX
MEPEX 5G.

K.BIACBHK.H. noneHT  ['opOenko B.M., Jlep)kaBHUI ~ YHIBEpCUTET
TeJeKOMyHiKaiii, M. Kuis.

[ToTeHitiitHl TeXHOJOTIi 1 MPUHLUMIMN eBoJoLiiiHOTO nepexony Bix 4G mo 5G
MOKYTbh OyTH 3rpynoBaHi 32 HOTUPMa HANPSIMKaMHU:

1) Hogi paxpiointepdeiicu, criocoOu nepeaadl 1 Ipuiiomy:

— Hogi MmeToiu 6araTo 4acTOTHOI MOTYJISIIIT;

— TexHnounorii koopauHaIlii 3aBaj; Ha OCHOBI IEPCIIEKTUBHUX METO/I1B IPUHOMY.

2) HoBa MepexeBa apxiTeKTypa:

— CTBOpeHHS yIBTPAIIBPHUX MEPEK Ha OCHOBI MajluX COT 3a IPHHIIAIIOM
«oxHa Touka 1 Tx/Rx Ha oHOTO a0OHEHTaY;

— llenTpamizoBana apxiTekTypa: xMapHi Mepexi pamiomoctynmy (RAN) Ha
ocHoBi SDR 1 MoBUTbHO KOOPJAMHOBAH1 IIEHTPAJIbHI KOHTPOJIEPH;

— Xwapsi 6a3o0Bi mepexi CN Ha ocHOBI SDN;

— bararoBumipni antenn MIMO;

— Esomromiiai TexHonorii MIMO: aktuBH1/3D-antenn MIMO;

— ®i3zuynHe posaiieHHs Tpadiky Ta YIMpaBIiHHA MDK TUIONUHAMU YIPABIIHHS 1
nepeaadi JaHuX.

3) HoBi npuHIUM 1 yMOBH BUKOPUCTAHHS CIIEKTPY:

— BUKOPUCTaHHS HOBHX Jlana3oHiB: Bij 6 10 60 ['T;
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— THYYKE CI1JIbHE BUKOPUCTAHHS YaCTOTHUX PECYPCIB.

4) PozymHI 1 amanTHUBHI Mepexi 3B 3KY:

— BUKOPHUCTaHHS MOOUIBHUX JIOJATKIB 3 MOXJIMBICTIO iX ONTUMI3aIli s
3HWKEHHS BapTOCTI PaIioI0CTYIIY;

— PO3MO/ALT 1 YIPaBIiHHA pecypcaMy reTepOreHHUX MEPEK;

— MDKMEpEKeBa B3aEMOJIIS PI3HUX TEXHOJIOT1H pajiofoCTyILy;

— MEpEexXi sIKl CAMOCTIHHO HAJAIITOBYIOTHCS 1 CAMOCTIHHO ONITUMI3YIOTHCA.

6. THE KEY PROBLEM WITH THE NETWORK SIMULATION.

Horbenko V., State University of Telecommunications, Kiev.

Before the commercial network deployment is not necessary to anextensive and
efficient network modeling.

The purpose of the simulation of wireless networks is addressing the following
key tasks:

— frequency-territorial planning of the network, minimizes self-interference, the
maximum coverage of the territory with the required information transmission quality
and electromagnetic compatibility with existing radar facilities;

— verification of the characteristics of the existing network;

— optimization of method sofconversion and transmission of information
designed network;

— optimization of parameters of the equipment intended forusein the network.

Following input sare required to solve these wireless networks simulation tasks:

— map of the are a required for an adequatede scription of the signal propagation
conditions in this region using the model in the computer automated systems;

— information on the distribution of users (traffic) in the study are a and their
characteristics (specific erlangovoy load) given analytically or represented in the map
data exchange format;

— technical characteristics of the proposed network (technology transfer and
processing of information, the frequency range, there quired signal/noise, etc.)
specified in its standard;

— characteristics of the equipment used;

— coordinate sand characteristics of radiooperating in the region under
consideration, necessary for the calculation of the electromagnetic compatibility
performance of the projected and existing networks in this region.

7. AHAJII3 5 MOJIEJIE OLIHKN PAJIIOITOKPUTTA
TEJIEKOMYHIKALIIMHOI MEPEXI
K.BICBK.H.  nomneHT, [opberxko  B.M.,  [lepxaBHuii  yHIBEpCUTET

TenekoMyHikaiiit, M. Kuis.

[Ipu OymiBHUIITBI Mepexki JUIsl JOCSATHEHHS HEOOXIMHOT €MHOCTI MEpPEXi TIpH
BHCOKIN IIMUIBHOCTI a00OHEHTIB HEOOX1THO BCTAHOBJIIOBATH CAWTH OJIM3BKO OIHWH JI0
oaHoro. Ilpu nyxe mIIBHIA PO3CTAHOBII CaWTIB 30HU PAJIONOKPUTTS HEMHHYYE
nepekpuBatoThes (g mepexi LTE, mo npaitoe 3 koedilieHTOM MepeBUKOPUCTAHHS
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4acToT 1, 11e ay’ke KPUTUYHO), 30UIbIITY€ETHCS PIBEHb BHYTPIIIHBO CUCTEMHHUX 3aBaJl 1
MOTIPIITY€EThCS MPOMYCKHA 37aTHICTh. |, HABMaKW, SIKIIO BHUKOPUCTOBYBATH TUIHKU
BHCOKOYACTOTHHM Jiana3oH(mist Mepexi 5SG), TO HEeMUHYYE BHHHKAIOTH MPOOJIEMH 3
PaiONOKPUTTSIM.

Jns  pocsrHeHHs  OalaHCy MIDK — MOKPUTTSAM 1 €MKICTIO  JIOIIJIBHO
BUKOPHCTOBYBATH BiJl JBOX 1€papXiUHMX pPIBHIB, SKI TMPaIlOIOTh y BHCOKOMY 1
HU3BKOMY Jiama3oHax d4acToT. [Ipy MOXIMBOCTI BUKOPUCTaHHS JIEKUIBKOX
Jlana3oHIB 4YacTOT, BapTO IMOKJIAJATUCS Ha KWIMMOBE TMOKPHUTTS, HANPUKIAI, 3
BukopucTanHsaM 3G B miamazonHax 900 a6o 2100 MI'u, a LTE B Ouibin BHCOKHX
Jianma3oHax po3ropTaTd TOYKOBO B 30HAaX 3 BHCOKOIO IIUJIBHICTIO AOOHEHTIB,
BUKOPHCTOBYIOYH HE MAKpO-, @ MiKpO- 1 Ko — 0a30B1 CTaHII1.

Ha mpakTuii, 611b11 TOYHY OIIIHKY PaJiONOKPUTTSI BUKOHYIOTh 32 TOTIOMOTOIO
CHEIlaIbHUX TPOrpaMHUX 3aco0iB pajlolaHyBaHHA, SKI BPaxOBYIOTh penbed
MmicieBocTi 1 Tun 3a0yaosu. [Ipu po3mimenni bC HeoOXiAHO MPOBOAUTH aHATI3 30HU
MOKPUTTS KOKHOI CTaHIII 1 BpaXOBYBaTU HasBHICTh yk€ HasBHMX eNB cranmaprtis
2G/3G.Mogenr COST # 231-Yondum-Ikerami € HaWOUIBII ONTUMAIBHOIO JIS
BU3HAUYEHHS BTPAT Nepenadl NpH MPOEKTYBaHHI MEpEXi B MICbKUX coTax. llpu
MPOEKTYBaHHI MajMX COT Ha TMIJACTaBl JIaHOT MOJENI HEOOXIiJHI BIJOMOCTI PO
KOHKPETHI JIIJITHKY MICBKHX Tpac.

8. CUCTEMA 3B’A3KY 3 KUIBKOMA  IIEPEJAIOYUMU I
JIEKIJIbBKOMA ITPUMTOMHHMU AHTEHAMH MIMO.

K.BIHCBK.H.  noneHt, Topbenko  B.M.,  JlepkaBHUI  yHIBEPCHTET
TeJeKOMYHIKalii, M. Kuis.

VY cydacHMX cHcTeMax CTUIBHMKOBOIO 3B’SI3KY IMOCTIHHO 3pOCTalOTh BUMOTHJIO
iX TIPOIMYCKHOI CHOPOMOXKHOCTI Ta €MHOCTI, L0 MOXE€ OyTH J[JOCATHYTO 3a
paxyHOK30UIbIIEHHd  4Mciaa  0a30BUX  CTaHIM, IIMPUHA CMYTM  YacToT
pajloKaHaNIB,IIMPUHA CMYTM 4YacTOT pajaiokaHamiB abo uWciaa pajgloKaHaliB, a
TaKOXXIMIJBUILICHHS CTIEKTPaIbHOI €()EeKTUBHOCTI. EKOHOMIYHO BUIIPaBIaHUM € IILISAX
MIJBUILIEHHS €()EKTUBHOCTIBUKOPUCTAHHS PaJl04aCTOTHOTO CIEKTPY, TOOTO 3aX0AH
MPOITYCKHOI 3JJaTHOCTICUCTEMH B OJHIM COTI MEpexi, 10 MPHUMAJa€E Ha OJUHUIIIO
PaiogacTOTHOTO CIEKTPY.

OpnuM 13 cnocoOiB MiABUIICHHS CIEKTPaIbHOT €(DEKTUBHOCTI €3aCTOCYBaHHS
METOIY MPOCTOPOBOTO KoayBaHHs curHairy MIMO,mo 103Bossie 30UTBITUTH CMYTY
MPOIYCKAaHHS KaHaly, B SKOMY IepeJavyaJlaHux Ta OOMIH JaHUX 31ACHIOIOTHCA
CUCTEMaMHU 3 JIEKIJIbKOX aHTEH.

[Tepenarouita mpuitMaabHI AHTEHU PO3HOCATHTAK, 100 KOPETSALIST MIXKCYCITHIMU
aHTeHaMu OyJja ci1abKoro.

CnisibHe BUKOPUCTaHHS €(EeKTIB MPOCTOPOBOTO PO3HECEHHS,ITPOCTOPOBOIO
MYJIbTUIUIEKCYBaHHSI 1 (OpPMyBaHHS MPOMEHs J1arpaMHCHPSIMOBAHOCTI JO3BOJISIE:
MIJBUIIUTH CTIAKICTb CHCTEMU (3MEHIIUTH WMOBIPHICTBIIOMMIIKH); TI1IBUIIUTH
HIBUIKICTh Tepenayl iHgopMalli B cucTeMi; 30UIbIIUTH 30HY HMOKPUTTS; 3MEHIIUTH
HEOOXI1IHY MOTYKHICTh IepeaBaya.
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9. APXITEKTYPHU I IHTEPOENCH SOFTWARE-DEFINED
NETWORKING.

K.T.H. noneHt, ['punkeBnu ['.0., JlepkaBHMII YyHIBEpPCUTET TEJIEKOMYHIKaIIllH,
M. Kuis.

Pi3HOMaHITTS apxiTeKTyp Yy MPOMHUCIOBOCTI 1 HAyKOBUX CITIBTOBAPUCTB
PO3BUBANINCS MMAPAJIEIBHO 3 MOMEHTY CTBOpeHHsI SDN.

["asty3i B OCHOBHOMY 3aCHOBaH1 Ha BJIacHOMY po3yMiHHI SDN, xo4a J1esK1 3 HUX
Oynu cTaHAapTU30BaH1 a00, MpUHAKWMHI, 00TOBOPIOIOTHCS B poOounx rpynax Internet
Engineering Task Force (IETF2).

s Toro, moO MPUCKOPUTH 1HHOBAlli B BEHAOpa HEUTPaIbHUM YHUHOM 1
Bu3HaunTH crangaptu st SDN, ®oupg Linux BcranoBuB (ODL) Tpu nabopaTopHux
npoekta OpenDaylight. 1ls BiakpuTta cTpykTypa B AaHMIA 4ac MiATPUMYETbCS 29-ma
MPOBITHUMHU WJIEHAMHU MPOMHUCIOBOCTI, cepes HUX Taki sk, Cisco, IBM, Juniper 1
NEC. IlpoekT 3acHOBaHMI Ha icHyluuX i1HTepdelcax 1 NpoToKoiax (HAmpHUKIAI,
OpenFlow 1 NETCONF), B pmanuii yac MOXe pO3TISAaTUCS SK HaWOLIbII
IIEPCIIEKTUBHUM KPOK Ha HUIAXY po3BUTKY SDN.

10. PO3POBKA  METOIMKU TECTYBAHHAA [MPOT'PAMHOI'O
3ABE3ITEYEHHA TA AITAPATHO-ITPOTPAMHUX [NIAT®OPM
TEJJEKOMYHIKAIIITHOI'O OBJIAJJTHAHHS MEPEXX NGN.

Ictomin C.b., JlepxaBHuii yHIBEpCUTET TelIeKOMYHIKaIlii, M. KuiB.

Mepexki 3B'SI3Ky 3arajJlbHOro KOPUCTYBaHHS PpO3BHUBAaIOThCS Bke MoHan 100
pokiB. CrioyaTKy ICHYBajJd aHaJOroBlI MEpexi 3B'A3Ky, MOTIM HU(POBI, CHOTOHI
nakeTHi. Lle - rooBHa MeTpuKa Mepexi, ane JaneKko He €IMHA.

NGN-mme rereporeHHa MyJIbTHCEpPBICHA MeEpeka, 3acHOBaHA Ha TAKETHOI
KoMyTauii 1 3a0e3nedye HaJaHHA HEOOMEXKEHOTO CIEKTPY TeJIEeKOMYHIKAIIiHUX
nociyr. Taka mepexa MOBUHHA MIATPUMYBATU Meperaydy pi3HOPIIHOTO Tpadiky 3
PI3HUMH BUMOTaMU JI0 SIKOCTI 00OCIIyTOBYBaHHsI Ta 3a0€3Me4yBaTH BIANOBIIHI 3alUTH
omnepaTtopa Ta aboHeHTiB. HalO1nbi nommpena Mojenb, mo onucye NGN, Bkiroyae
B ce0e YOTHPH PiBHI: TPAHCTIOPT, OCTYII, YIPABIIHHS 1 TOCTYTH

[Tepmmii eran npu anamizi NGN - TecTyBaHHS TPaHCHOPTHUX MOTOKIB. [lics
TEeCTyBaHHA SIKOCTI (¢i3uuHoro piBHsa TpancnopTy NGN cmig  aHamizyBaTu
MPOTYKTUBHICTh HAKJIAJCHOI MaKETHOT MEPEKI.

Hactynna By3ioBa TOuka MepeKi HACTYMHOTO TOKOJIIHHS, 0araTo B 4OMY
BH3Hauae ii SAKICTh, € oOJlajHaHHA Ta JiHIl gocrymy. Ilepiie, Ha moO TyT BapTo
3BEpHYTH YyBary, - 1ie CepeoBUIIIEe Nepeaaydl HUPPOBUX CUTHAIIIB.

[Ticns BU3HAUYEHHS MapaMeTpiB CEpeOBUIA Mepeadl MOKHA MPUCTYMATH 10
aHaii3y SKOCTI pPOOOTH CaMUX CHUCTEM JIOCTYymy. TEeXHOJIOTii TeCTyBaHHS TYT
BU3HAUalOThCA KOHkpeTHUMU cucteMamu (ADSL a6bo SHDSL, WiMAX, PON,
HFC).

[Tpu OyxiBHUITBI 1 ekcrutyaTaiii NGN gyke BaKJIUBUM TaKOX € KOPEKTHICTh
pOoOOTH TIPUKOPJOHHUX MPUCTPOIB, TAKUX K Mesianuio3u abo Board-koHTponepu.
OcHoBHUY iXxHI 000B'I30Kk-11e¢  TepeTBopeHHs TDM-Tpadiky B makeTHUN 1
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KOHBEpTallisi MmpoTokomiB curHamizamii. [logibui mpuctpoi moBuHHI "po3ymiTH"
OUTBLIICTH crienr(iIYHUX MPOTOKOIIIB 1 CHEHAPIiB SIK Mepexi nepenadi gaHux 1 VolP
(SCTP, TALI, SCCP, RTP, RTCP, MGCP, H. 323, SIP Ta inmIi), TaK i cTaHAapTHOI
tenedouii (ISUP, MTP, EDSS, V5, GSM).

Jlani BapTO MPOBECTH TECTYBaHHS aHAII3y PIBHIB YIpaBiiHHA 1 mocayr . [lpu
aHaji31 piBHIB YIpPaBJIHHSA Ta IOCIYT 3aCTOCOBYIOTHCSA Ti K METOJM, IO 1 TPH
TECTYBaHHI JIHIA JOCTyny a00 TPaHCHOPTHHUX CHUCTEM, aje 3 JICIIO 1HIIOK METOIO.
OcHoOBHE 3aBJaHHS TyT-aHa13 MOXJIMBOCTI HaJJaHHS TI€1 UM 1HIIOT TOCIYTH

VY cydachux ysBiaeHHsax Mepexka NGN — ne cykynHicte nomeHiB DiffServ,
MOB'SI3aHUX MK COOOI0 Ha OCHOBI Yroj mpo piBeHb oOciyroByBaHHsi SLA (Service
Level Agreement). Yroga nmpo piBeHb OOCIyTOBYBaHHS — 11€ KOMIUIEKCHa METpPUKa
Mepexi, M0 BKJIIOYae B cebe BU3HAYCHHS MapaMeTpiB Tpadiky, BUMOT IO IOro
00CITyrOoByBaHHIO, TapaMeTPiB MOHITOPHUHTY 1 T. 1. BiiHOCHHM omepaTopiB JOMEHIB
DiffServ 1 xopucrtyBauiB TakoX OyayloTbca Ha OcHOBI SLA, mpu upomy cCiin
BiJI3HAYUTH, IO B ieabHOMY BUMaAKy SLA Mae BKIIOYaTH MapameTpH sl BChOTO
KUTTEBOTO LMKy HajnaHHA nociayrd. He Bumagkoso, cnemudikamis ETSI EG 202
009-3 momo ckmamanas SLA mictuths Outeme 50 ctopinok. Omxe, mepexa NGN
ckianaeThes 3 qomeHiB DiffServ, nmos's3anux mixk co0010 1 KOpUCTYBauaMH Ha OCHOBI
SLA. Tlpu uboMy criocobu obcimyroByBanHs Tpadiky Bcepenuni nomeny DiffServ e
CTPOTro MPEeIMETOM BHYTPIIIHBOI JiSILHOCTI oIeparopa JOMEHYy, Xo4a 1 € TeXHIYHI
peKoMeHaIli 3 opraHizaiiii 00ciIyroByBaHHs Tpadiky BceperHi TOMEHIB Ha OCHOBI
MexaHi13My noBeinku Ha niepexoii PBH (PerHopBehavior).

11. HAIIPSIMKU PO3BUTKY TEXHOJIOI'II PLC B
TEJEKOMYHIKAIIMHIX MEPEXAX.

Kosanescokuii B.B., Bumnsk f.0., Jlep:xaBHUil YHIBEpCUTET TEIEKOMYHIKAIH,
M. Kuis.

B kinmi XX cT. akTMBHO MPOBOAUIUCS poOOTH 13 cTBOpeHHd pimenb PLC Ha
ocHOBI enekTpuuHux Mepex 220 B, 380 B. Byno po3pobneno ycratkyBanus PLC
MEPIIOro 1 APYroro MokodiHb. JlocArHyTra rpaHMyHa MIBUAKICTH Mepeaadi JaHUX He
nepesunryBaia 10-14 Moit/c.

PeanbHa >x MmBHIKICTH TiepeAadi JaHuX B TecToBuX wMepexkax PLC 13
3aCTOCYBaHHSAM IIbOTO YCTAaTKYBaHHS BIJIpi3HsUIacd Ha TMOPSAOK 1 cKiajgama 1-2
M6it/c. Oxpim 1pOT0, abOoHEHTChKe ycTarkyBaHHS PLC Mano MOpiBHSHO BHCOKY
BapTICTh, 7S €NeKTpOdiHiH, “yurimpbHeHuXx” PLC, OyB xapakTepHUil BUCOKHI PIBEHb
€JICKTPOMArHITHUX BUIPOMIiHIOBaHb. TOMy 10 HemaBHbOro uacy texHosoriss PLC
3acTOCOByBajacs JJii KOMEpLIMHOrO HaJaHHA TEJIEKOMYHIKAIIMHUX TMOCAyr B
obmexxeHoMy MaciTadi, Oyydr HEKOHKYPEHTO3/IaTHOK MO BiAHOIICHHIO JI0 1HIIUX
TeXHOJIOT1H, 1 mepeayciM XDSL. TIpoTe octaHHI JOCATHEHHS] MIKPOEJIEKTPOHIKH, 110
no3Boiwiid  cTBOpUTH cuctemMu PLC TpeThoro moOKOJIHHA, $KI 3a0€3MeuyroTh
BUJKICTh Tiepedadi gaHux g0 200 MOIT/c npu BUKOPUCTaHHI CTaHAAPTHUX
€JIEKTPOJIHINA, BIAKPUBAIOTH HOBI MOKJIMBOCTI ISl peaiizaiii IIMPOKOCMYTOBOIO
noctymy. Ile nmae migcraBu BBaxkatu, 1o “‘cmucyBatu’ PLC sk TEXHOJOTIIO IS
BHPIIICHHS 3aBAaHHS OCTAaHHBOI MUJI1, TIOKH TTepeIIacHo.
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Buxonsuu 3 BumieckazaHoro JOCHIKEHHS IPUHIIMIIB MOOYJOBH Ta NEPCIIEKTHUB
PO3BUTKY T€XHOJIOTIT “[HTEpHET MO eNeKTpoMepexi” € aKTyaIbHUMHU.

12. TAPAHTII 4KOCTI TIPU HAJIAHHI TH®OKOMVYHIKAIIMHUX
[HOCJIVT.

[Tamoxa B.B., 3akoBopotHuit O.C., [lepkaBHUN yHIBEpCUTET TEIEKOMYHIKAIIii,
M. Kuis.

VY Garatbox Mepekax nepenadi JaHuX, a CaMe y MEpeki HACTYITHUX MOKOJIIHb Ta
B Mepexi [HTepHeT, BUKOPUCTOBYETHCS NPHUHIIMI OOCIYTOBYBaHHsS 0€3 TapaHTId
axkocTi. [Ipy 1nboMy KOpUCTyBaueBl MoOxe OyTH HajaHa IMOCIyra 3 HEJOCTaTHHOIO
AKICTIO, 200, Y pa3i HEMOXKJIMBOCTI Ha/IaHHS MOCIYTH 3 SIKUXOCh MPUYHH (3aHATICTD
MEpEeXKEBUX pecypciB abo cepBepiB), BIH OTpUMAa€ BiAMOBY B OOCIYrOBYBaHHI.
OTpumaBIIM TOCIYTY 3 HEHAJIEKHOIO SKICTIO a00 BIIMOBOIO B OOCITyrOBYBaHHI,
KOPHUCTYBa4 3 MEBHOI HMOBIPHICTIO 3IMCHIOE TIOBTOPHUHN 3alUT HAJAHHS MOCITYTH.
HaBanTakeHHs, 1110 BAHUKAE TIPU HEBAINX CIIPOOax OTPUMAaHHS MOCIYTH 1 SIKE BEJe
710 TOBTOPHHX 3aIMTIB MOCIYTH, € HeOakaHOI0, 0COOTUBO KOJIM Mepeka 3HAXOAUTHCS
B DPEXHUMI NEpEeBaHTaXXEHHsS, IO BIANOBiAae HecTtabuIbHOMY cTaHy. Hanmanss
1H(HOKOMYHIKAIITHUX MOCTYT 0€3 rapaHTiil IKOCTI ICTOTHO 3HUXKYE iX MPUBAOIUBICTD
111 aDOHEHTIB, 110 B CBOIO Yepry Beje 10 3MEHIIEHHs NpUOYTKy orepaTopa 3B'S3Ky
BiJl iX BIIPOBA/KCHHS. 3 ypaxyBaHHSM BHKJIQJICHOIO BHIIE, 3aBAaHHS 3a0€3MCUCHHS
rapaHTii SKOCTI NpU HaJaHHI 1HPOKOMYHIKAIIHHUX MOCIYT B Mepekax HACTYITHHX
MOKOJIIHb € BaKITUBOIO.

13. KOHTPOJIb TIEPEBAHTAXEHb HA OCHOBI CUCTEMU
YITIPABJIIHHSA 31 3BBOPOTHHUM 3B'SI3KOM.

K.T.H. C.H.c., Topomanko f.I., Jlep>kaBHMI1 yHIBEpCUTET TEJIEKOMYHIKAIH,
M. Kuis.

Posrnsmaerbcss 3amaya yOpaBiiHHS ~— 4YepraMd  CHCTEMH  MacoOBOIO
00CIIyrOBYBaHHSI ~TEJEKOMYHIKAIlIITHOT Mepexi sl  3anmoOiraHHs MOIIMPEHHS
MEPEBAHTAXKEHHS 1 TMOJIMIIEHHS MPOIYKTUBHOCTI MepexXl. 3aBJaHHSA YHPABIIHHS
BUPIIIYETHCSI HA TPAHCHIOPTHOMY piBHI 3acobamu mpotokony TCP He mocunaroun
BIIIPABJICHHS  TOBIJOMJICHHSI PO  TEPEBAHTAKEHHS  BIANPABHUKY 1 HE
HABaHTa)XXyIOUH J0JaTKOBO MEPEXKY.

MexaHi3M ynpaBiIiHHS 4Yepramu MPEJCTaBisie COO0I CHUCTEMY 31 3BOPOTHUM
3B'I3KOM 13 3ami3HeHHsM. [Ipu HempaBWIbHOMY O0OpaxyBaHHI XapaKTEPUCTHUK
3aMi3HIOBAHHS CHCTEMa MOKE BTPATUTH CTIMKICTh 1 TEPEUTH B HE3aTyXarOuHid
KOJIMBAJIbHUM PEXUM, a00 KOPUTYBaHHSI IHTEHCUBHOCTI MOTOKY Oyze 3/11iCHIOBATUCS
3aHaATo Mi3HO. Lle mpU3BOAUTH A0 MOTIPIIEHHS MPOAYKTUBHOCTI MEPEXKi, OCOOIUBO
JUTSL IOJIaTKIB peajibHOTO Yacy.

KommeHcaiisi  3aTpUMKH  3BOPOTHOTO  3B'I3KY  BHKOHYETHCS ~ METOJAMHU
nepeadadeHHss 3 BUKOPUCTAHHSM MOJIEIl aBTOperpecii 1 KOB3HOTO CEPEIHbOro, a
TaKOX MUISXOM YCEepeOHEHHS MmapaMeTpiB BikHA. [I03UTHBHOrO pe3ynbTaTy TaKOXK
MOKHa JOCSTTH HUIAXOM Bapiallii 3Ha4eHb TalM-ayTiB, 3MIHHM IMOJITHKHA MOBTOPHOL
nepeaadi MakeTiB, a TAKOXK 3MIHOI0 cXxeMu Oydepu3aiiii.
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Po3rnsHyTi 0COOMMBOCTI BUKOPUCTAHHSYIIPABIIHHS 31 3BOPOTHUM 3B'SI3KOM B
apxitektypi iHterpoBanux ciyx0 (Integrated Service Architecture — ISA) s
miATPUMKH coyx0 3 pizHuMHE piBHsAME skocTi cepBicy (Quality of Service — QoS) B
InTepHeT-Mepexi 1 B MpuBaTHUX 00'€THAHUX MEpexKax.

14. PA3BUTUE TEJJEKOMMYHUKALIMI 1 CETEN.

Pynenko H.B., ['ocynapcTBeHHBII YHUBEPCUTET TEICKOMMYHUKaLWH, T. Kues.

Ha naHHBII MOMEHT pa3BUTHE TEICKOMMYHUKAIUA M CETEM OCYIIECTBISETCA
CTPEMUTENBbHBIMA TeMnaMu. M3 paHee M3BECTHBIX HAM MCTOYHUKOB HM3BECTHO, UYTO
TEJIEKOMMYHUKAIIMOHHASA CETh — 3TO TEXHOJOTHYECKAas CHCTEMA, MpEAHA3HAUCHHAas
JUTSL TPaHCISIMU WHQPOpMAUA MO JUHUSAM CBs3u. JlocTynm k Takod wHOpMamum
OCYIIECTBIISIETCSI  UCKJIIOUHUTENBHO TPU  YCIOBHUM  HCHOJIb30BAHUA  CPEACTB
BBIYMCIUTEILHON TeXHUKHU. [lepenada MaHHBIX MO TEIEKOMMYHUKAIIMOHHOW CETH
WHTEPHET MPOU3BOAUTCS 0€3 OTpaHWYCHHM MPH YCIOBHH COOJIOICHUS TpeOOBaHUN
3aKOHOB K pachpocTpaHeHuio wuHbopmanuu. B coBpeMEeHHOE BpeMs MHOTHE
KOMIIaHUU, KaK B YKpawHe, TaK U MO BCEMY MUPY, 3aHUMAIOTCS PA3BUTHUEM CETEH
MHPOBOTO, PETHOHAIBHOIO, KOPIIOPATUBHOIO HA3HAYCHMS, A TAKXKE IOCTaBISAIOT
MPEANPUATUAM-Y4YaCTHUKAM ceren BBICOKOKAYECTBEHHOE TEXHOJIOTUYHOE
o0opyJ0BaHUE, TMPOU3BEICHHOE B TIOJIHOM COOTBETCTBHM CO CTaHAapTaMu
TEJICBUACHUS U CBS3HU.

15. THHOBAIIMHUIM CIIOCIE TPAHCIIOPTYBAHHS TPA®IKY IIPU
[NOBYJOBI TETEPOI'EHHUX MEPEX 4-I'0 I 5-I'0O ITOKOJIIHb.

n.1t.H. npodecop Caiiko B.I'., k.T.H. Kaszimipenko B.f., JlakoBa JILB.,
Jlep>xaBHMI YHIBEpCUTET TeIEKOMYHiKalii, M. Kuis.

K.T.H. Haputauk T.M. [HCTUTYT €l1€KTPOHIKM Ta 3B 53Ky YKpPaiHCHKOI akajaemii
HayK.

AHaJi3 0coOJIMBOCTEN PO3BUTKY Cy4acHUX OE€3IPOTOBUX MEPEXK IMOKa3aB, 110
He3Bakarounm Ha 3pocTaHHs nomnyispHocTi BOJIC, MIKpOXBUIBOBE yCTaTKyBaHHS
MPOJIOBXUTh JOMIHYBaTH B PO3NOAUIBHUX TPAHCHOPTHUX MEpPEkKax. 3aBIsSKU
akTUBHOMY posroptanHio mepexx LTE mBuako 3pocratiMe i pUHOK yCTaTKyBaHHS
TeparepIoBUX XBUJIb - SIK B CErMEHTI Makpo-, TaK 1 MaJuX CTUIBHUKIB. ChOTOJHI
nepes; po3poOHMKAMHM TEICKOMYHIKAIIMHUX CHUCTEM CTOITh 3aBAaHHS CTBOPCHHS
e(eKTUBHUX 1 JOCTYIMHUX 3a BapTICTIO amapaTHUX 3aco0iB, SKI MpaIlOI0Th Ha
yacToTax TepareproBoro smiarna3ony. OauH 3 BaplaHTIB JIOCATHEHHS TEparepIrioBUX
YacTOT TMOJSITa€ B MHOXKEHHI POOOYMX YACTOT CXEM MIUIIMETPOBOTO Jiana3oHy.
Po3poOsiennii 1HHOBaUIHUK cHoci®0 TpaHCHOPTYBaHHS Tpadiky Mpu MOO0YI0BI
reTepPOreHHNX Mepek 4-ro 1 5-ro MOKONiHb Ha 0a3l PO3MOJALIEHUX TPAHCHOPTHUX
paaioMepex, SIKUd T03BOJISIE BUPIIIMTH Cy4acHY MpoOJjieMy MiABUIIEHOI MOTpeOu B
PaAIoNIHISAX 3 BUCOKOIO MPOIYCKHO 3AaTHICTIO (1 I'6iT/c 1 Oublie), 0 MpalolTh
MEepPEeBAXXHO HA MajuX BIACTaHAX (B MeXax 0 SKM) 3a paxyHOK BHUKOPUCTaHHS
TeparepIioBOro Jiama3oHy B TETEPOTCHHIN TPaHCIOPTHIA Mepexi MOOUIBHOTO
3B'SA3KY.
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16. AHAJII3 ITPOITYCKHOI 3JATHOCTI TA JAJBHOCTI 3B'SI3KY B
CUCTEMAX 3B'I3KY TEPATELIOBOI'O JJIATIA30HY.

a.1.H. mpodecop Caiiko B.I'., x.T.H. Kazimipenko B.f., [lakosa JLB.,
bpecnascekuit B.O., KpaBuenko B.I., Jlucenko [[.O., [lep:kaBHUIi YHIBEPCHUTET
TeJleKoMyHiKarlii, M. Kuis.

OcHOBH1 0COOIMBOCTI T€ParepiioBOro BUIPOMIHIOBaHHS, 110 BIAPI3HAIOTH HOTO
BIJl MIKPOXBHJIbOBOTO 1 ONTHUYHOIO, MPOSIBISIIOTHCS, FOJIOBHUM YHMHOM, NPU HOTO
B3a€MOJIIi 3 PEUYOBHHOIO. 30KpEMa, B TeparepleBOMYy JAlana3oHi JEKaTb PE30HAHCU
o0epTabHUX 1 KOJIMBAJIBHUX NEPEXOJIIB MOJEKYJ 0ararbOX PEeYyOBHH, IO JO3BOJISE
11eHTU(IKYBATH JIEIEKTPUYHE CEPEOBUILE PI3HOTO arperaTHoro CTaHy. Y JOMOBil
HABOJAATHCA PE3yJIbTaTH TEOPETUYHUX 1 EKCIEPUMEHTAIBHUX JOCHiIKEHb, SKI
MPUCBSYCHI Tepeadl TepareploBUX CUTHAIIB B 3eMHId aTMocdepi, Hal JTICOBUMU
MacuMBaMHU 1 MOPCHKHUMH TMOBEPXHSMHU 1 BUBUYCHHIO BIUIUBY OMajiB, BUIAPIB, AUMY,
CHITY 1 TyMaHy Ha IPOIECH MOIIUPEHHS €JIEKTPOMArHiTHUX XBUJb. [IpomnoHyeThCs
METO/JMKAa BHUKOPUCTAaHHS B TepareplueBOMYy Jlanma3oHl BIKOH MPO30POCTI, WIO
3a0€3Me4y0Th NOIIKUPEHHS €IEKTPOMArHiTHOTO BUIIPOMIHIOBaHHS 0€3 MOJIEKYISPHOI
abcopO1Iil 1 BIANOBIIHO PO3MIMUPIOIOTH NAJbHICTh 3B'13Ky MIXKMAIIMHOTO OOMIHY.

17. PE3VJIbTATU JOCJIIKEHH A BUKOPUCTAHHA
MIJIIMETPOBOI'O JIIATIABOHY B TEJIEKOMVYHIKAIIMHUX MEPEXAX
HINPOKOCMYT'OBOI'O AOCTVILY.

n.T.H. npodecop Caiiko B.I'., x.1.H. Kaszimipenko B.f., JlakoBa JI.B.,
Jlep>xaBHUI YHIBEpCUTET TeIEKOMYHiKailii, M. Kuis.

k.T.H. HaputHuk T.M., [HCTUTYT eNeKTpOHIKH Ta 3B’5I3Ky YKpaiHChKOI akajieMii
HayK.

3poctanHss moTpeOW B 1HQOPMAIIMHUX TOCIyrax BUMAara€ BHKOPUCTAHHS
TEXHOJIOT1M, SKI MarTh BHCOKI TMOKA3HUKHU SIK €HEPreTUYHOI Ta 1 CHEKTpajIbHOI
e(eKTUBHOCTI BUKOPUCTAHHS TOTPIOHOTO YaCTOTHOTO pecypcy. BaximBum 3acobom
€ TaKOXX PO3MIUPEHHSI BUKOPUCTOBYBAHOTO YACTOTHOTO PECYpPCy TOJIOBHUM YHHOM B
HaMpsSMKYy MIJBUILEHHS po00Y0i YaCTOTH, BUKOPUCTAHHS HENIIEH31HHOTO ChOTOJIHI
YaCTOTHOTO PECypcy — MUIIMETPOBOTO Ta TEpareproBOoro Jiana3oHy TOJOBHOIO
po0JIEMOI0 SIKOTO € 3HayHl BTpaTH €Heprii B KaHalll nepeaayl. 3anponoHOBaHUM Ta
3amaTeHToOBaHUM (opMyBad 1HPOPMALIMHOTO MOTOKY, SKHUH JO3BOJISIE CTBOPUTHU
rirabiTHuit notik B crapgapti IEEE 802.11 (WiFi) B o000x HampsiMkax 3
nepeHeceHHsM Horo B niama3od O0utst 1401 T Ha mepenaBaibHii YaCTHHI KaHATY Ta B
miara3on ~2,5I'Tm Ha mpuiiManbHii. 3amaTeHTOBaHI TEXHIYHI PIIICHHS 32 PaXyHOK
BUKOPUCTAHHA MOJIEPHI30BaHOTO (opMyBada JO3BOJSIOTH CTBOPHTH MEPEKY
a0OHEHTCHKOTO IMTUPOKOCMYTOBOTO JOCTYIY 13 BHUKOPHUCTaHHSM TepareproBUX
KaHaJIIB B SKOCTI KaHaiiB Mepexi backhaul mo sxux migkimrodaroTbesi aOOHEHTCHKI
mepesxxi WiFi. Taki iHHOBaIiiiHI pIMICHHS JO3BOJISIIOTH Hagath iH(oOpMariiiHi
MOCIYyrd aOOHEHTaM PAOHHOTO IEHTPY Ta MpWIsIrarodux B pazaiyci mao 15...20 kM
HACEJICHUX MyHKTIB.
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18. METOJ]I CTUCHEHHS BIJIEOIHOOPMALIIl V MYJIbTUMEIIMHUX
CUCTEMAX.

1.17.H. ipodecop Caiiko B.I'., k.1.H. JlikapeB O.B., I'pumenko JI.M., Jlep>kaBamii
YHIBEPCUTET TelIeKOMYHiKaIlii, M. Kuis.

Meton cTHCHEHHS BifeoiH(opMallii MOkKe BUKOPUCTOBYBATUCHh B TEXHOJIOTISIX
KOMIIpeCii  TEeIEBI3IMHOTO KOHTEHTY 1 J03BOJIS€ €(PEKTUBHO 3MCHIIYBAaTH IIOTIK,
HEOOX1THUH JJIs epeiaBaHHA BijcoiHdopMallii o KaHajaM paiOMOBJICHHS.

CyTHICTb METOJy TMOJIATa€ B HACTymHOMY. BimeomoTik, sSK IiJIe YHCIIO,
NPE/ICTABIIAETbCS HATypabHUM PSJAOM 1 MOXe OyTH CTUCHEHE (BUKOJOTE) 0
PO3Mipy OJIHOTO-BOX IIIKX uncel. Llei mporec 31HCHIOETCS B KIJIbKa €TariB 1 Ha
KO)KHOMY €Tarli 3 HaTypaJbHOTO PSAIY YUCENT BUIAISETHCS YACTHHA MOTO WICHIB 32
MEBHUMH, 3a3/1aJieTiib BUOpPAaHUMHU BIACTUBOCTSAMHU. PeliTta 4jieHIB HATypaJbHOTO
pSy IIUKYETHCS B HOBHUI, KOPOTIIMI HATYpaJbHUN DS, HAA SAKUM 3I1HCHIOETHCS
aHajoriyda omepairisi. CTHCHEHHS IOYaTKOBOTO IIJIOTO YHCIA BHUKOHYETHCS 0
3aJIaHOTO CTyMHeHI0 MajocTi.OMHOYacHO 3 TPOIEAYPOI0 CTUCHEHHS IUIOTO YHCIIa
YTBOPIOETHCS NIBITKOBAa CUTHAJIbHA TIOCITIIOBHICTD, KOKEH €JIEMEHT SIKOT Ha TIEBHOMY
eTarl CTUCHEHHsS HaOyBa€ OJMHUYHOIO YW HYJIHLOBOIO 3HAYEHHS B 3aJIEKHOCTI Bij
KUIBKOCTI YJICHIB HaTypaJibHOTO PsiIy, OTPUMAHUX B PE3yJIbTaTi CTUCHEHHS.

19. TIOBYJOBA MYJIbTUCEPBICHOI HIMPOKOCM YT OBOI
KOPIIOPATUBHOI MEPEXI.

Cimakin P.B., Jloces M.O., Jlep>kaBHHI yHIBEpCUTET TEJIEKOMYHIKAIH,
M. KuiB.

B nanuii yac mMOBHUM XOJ0M HJe MpOIEC 3arajibHOTrO IMepexoay Ha Iudposi
iHpopMmariitni nmotoku. OAHUM 3 pe3yNbTaTiB OO MPOILECY CTAIO T€, M0 MAJIS
nepeaadl NpakTUYHO BCiX BHUJIIB 1H(POpMaILlli, BAKOPUCTOBYBAHOI JIFOAUHOI, MOXKYTh
3aCTOCOBYBaTUCA OJHI 1 Ti X uUudpoBl TexHonorii. Orisa cheuiani3oBaHoi
JiTepaTypu MOKa3aB, 10 ChOTOJIHI BCE OUIbII aKTyaJIbHOK CTa€ TéMa CTBOPECHHS
MYJIBTHCEPBICHUX IIMPOKOCMYTOBHX MEpEX, 3a JOIMOMOTOI0 SKHX MOXHa Oyje
HajgaBaTh a0OHEHTaM TOBHUM HaOlp 1H(popmamiiinux nocayr. KonBepreHuis
TEXHOJIOTIM Tepenayl pi3HUX BUAIB 1HQOpMalli poOUTH IO 3a7a4y IIJIKOM
peanizoBanoro. lle 103BOIUTH CTBOPIOBATH 3aMICTh O3yl 1HQOPMAIIHHUX MEpEK,
OXOIUTIOIOY1 ChOTOJIHI OYAMHOK a0OHEHTa, OJIHY MYJbTUCEPBICHY «CyrnepMepexy», B
K1 OydyTh IUPKYJIIOBATH BCl BUAM 1H(popMarlii. Tak caMo 10 Takoi Mepexi MOXKHa
Hi,Z[KJ'IIOLII/ITI/I CHCTeMy OXOpPOHHOTO BiI[GO CTIOCTEPEKEHHS 1 3MIHCHIOBATH OTJISA
PO3IIMPIOBATH 1 MO)IepHISYBaTI/I BIIPOBAKYIOUN HOBI nocnyrn KpIM THX, SKI MH
30MpaeMocs HaJaTH BiJipasy.

20. BUKOPHCTAHHS BIPTYAJIIBALII CEPBEPIB B IT IHOPACTPYKTVYPI.
K.T.H. goueHt, ladmyp [I'.l., babuanuk LI, Jlep>xkaBHuii yHiIBepCUTET
TeJeKoMyHikaii, M. Kuis.
Po3Butok IT-iHMpacTpyKTypu TUIBKM TOYMHAETHCS TMICHA BIPOBAIKECHHS
TEeXHOJOri BipTyamizamii. bisHec naukTye cBoi BuUMoOrn g0 pobotu IT
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iHQpacTpykTypn Kommanii. Taki sk: Oe3nepepBHicTs pobotu IT-cepsicis,
BIIMOBOCTIWKICTb, BUTPHUMYBAaHHS BHCOKHMX HAaBAHTaXEHb 1 BEIUKOI KIJIBKOCTI
00pO0JIIOBAHUX JTAHHUX.

Bipryanizamist cepBepiB 03BOJISIE BHUPIIIUTH KUTbKa OCHOBHUX MpoOiieM
cydacHoi IT iHdpacTpykrypu.[lo HUX BITHOCUTHCS HEE(PEKTHBHE BUKOPUCTAHHS
CEpPBEPHUX PECYPCiB: 3a CTATHUCTUKOKO IPOIIECOPU 3aBaHTa)keHI Bchoro Ha 5-10%,
cucteMu 30epiraHHsi AaHux 3anoBHeHI Ha 40%, a TakoX 3pPOCTaHHS KUIBKOCTI
oOJlalHaHHS, AK€ BUKJIMKAHE HEOOXTHICTIO BUJAUIATH 3 JOJATKOM OKPEMHUU CepBep
Yyepe3 HECYMICHICTD PI3HUX MPOrpaMHUX MPOIYKTIB.

Ha miaTpumky icHyr04oi 1HPpacTpyKTypu HIyTh 3HAYHI PECYpCH, sSIKi MOIJIH O
BUKOPHUCTOBYBATHUCS sl ii PO3BUTKY.BropokpaTMuHa TSAraHWHA: BiJl MOCTaHOBKU
3aBHaHHS N0 11 peamizaimii BUTPAYa€ThCS 3aHANTO Oarato dacy, SKAW Hae Ha
Y3rO/DKEHHsSI KyMiBIi oOjanHaHHsA. Tomy BHOpOBaJKEeHHS pillleHb HAa OCHOBI
BipTyamizauii € epEeKTUBHUM pINICHHSIM JIi MiABUIIEHHS €(QEeKTUBHCTI poOOTH
MEPEK.

21. NOCJIIXXKEHHSA [MOCJIIJOBHOI'O 3ATIOBHEHHA
TEJEKOMYHIKAIIMHUX MEPEX 3 KJIACTEPHOIO TOIIOJIOI'TEXO
[TIOTOKAMMU 3B’ A3KY.

Tanuropa JLL, HepxaBHUil YHIBEPCUTET TEJIEKOMYHIKaIIlii,
M. KuiB.

Posrnsimaerbest 1 OOTPYHTOBYETHCSI TOTOJIOTISI TEJIEKOMYHIKAIIHHUX MEpEx
«3B’s13aH1 KJjacTepu». BukopucTaHHS TOMOJOTIi 3B’SI3aHUX KJIACTEPIB JI03BOJISIE
3aCTOCOBYBATH JACKOMIIO3HIIIIO AJII OOUMCICHHS HAMKOpPOTIIMX HUisiXiB. Lle o3Hauae,
[0 HaWMKOpOTIIMKA (ONTHUMAIBLHUM) INUIAX MOXKHA MPOKJIACTH  BIJl  KJacTepa-
BIIMPAaBHUKA /10 KJacTepa-npuiiMaya, a MOTIM BXE€ MPOKIAJaTH LUISAX BCEPEIUHI
TPAaH3UTHHUX KJACTEpPIB 1 KIHIEBUX KJacTepiB. BUKOpUCTaHHA LBOTO METOAY
J03BOJISIE BUKJIIOYUTH 13 PO3IJIAY BY3JIM KJIacTepiB, IO He OepyTh ydacTi B
MPOKJIAAIl HUISIXY. 3aCTOCOBYBAaHUM METOJ JEKOMIO3UIII JI03BOJIUTH CKOPOTHUTH
OOYHMCITIOBAJIBHY ~ CKJIAJHICTh 3a/Jadl 3HAXOJKEHHS MIHIMAJIbHUX PO3pi3IB 1
BU3HAUYCHHS HAMKOPOTIIHMX nuiaxiB B Mepexi. [lopiBHIOIOTBCS aNTOPUTMHU
MTOCTIJOBHOTO CTATUYHOTO 3allOBHEHHS TEICKOMYHIKAIIMHUX MEPEkK 3 KIACTEPHOIO
TOITOJIOTI€X0 TIOTOKAMU 3B’ SI3KY.

22. CACTEMHU TEXHIYHOI'O JIATHOCTYBAHHS ITH®OPMAIIMHOI
MEPEXI 3B’ A3KY.

n.T.H. npodecop BummuiBcekkuit B.B., T'onuapenko O.C., [lepxaBHuit
YHIBEPCUTET TeJIeKOMYHIKal1i, M. KuiB.

Excrutyarariss 1 oOCIyroByBaHHS Cy4YaCHUX CKJIQIHUX TEXHIYHUX CHCTEM Y
OyIb-SIKUX YMOBaX BHUMarae 3a0e3MledyeHHsT 11X BHUCOKOSKICHUM TEXHIYHUM
JTIarHOCTYBaHHAM. Y 3B'S3Ky 3 IIUM BHHHMKAa€ MpoOJeMa MPOEKTYBaHHS CHUCTEM
JIarHOCTYBaHHS, Yy SKUX TOBUHHI OyTH BUPpIIIEHI BCl 3aBJaHHS IIOAO BYACHOIO
BHCOKOSIKICHOTO aHaJli3y CTaHy 00’€KTa 1 BpaxoBaHI BUMOTH JIO aBTOMAaTHU30BaHUX
iHpOopMaMIHUX CHCTEM TEXHIYHOI MIarHOCTUKH. SIK IpaBHMIIO, CKJIaJHA TEXHIYHA
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CUCTEeMa  MICTUTh  BEJIMKY  KUIBKICTb  B3a€MO3QJIEKHUX  KOMIIOHEHTIB 1
XapaKTEPU3y€EThCS BEIMKOK MHOXXHWHOIO 3MIHHHX 1 IMapaMeTpiB, 10 BU3HAYAIOTH ii
ctad. [Ipu oMy nanexo He BCl mapamMeTpu MOXKYTb OYyTH KOHTPOJHOBAaHUMH, IO
BHU3HAUAETHCS CeNU(PIUHUMU yMOBaMU (DYHKI[IOHYBaHHS Ta €KCIUTyaTallii CUCTEMH.
Kpim Toro, B nporec 360py iHpopMarllii moA0 MOTOYHOTO CTaHy TEXHIYHOI CHCTEMH
CyO'eKTUBHY CKJIaJIOBy BHOCUTH JIOACHKUH (akTop. Bece e BU3HA4Yae OnHY 3
OCHOBHUX BHMOT, III0 BHCYBAaIOThCS JIO CHCTEMH JIiarHOCTYBaHHS, a caMme:
3a0€3IeUeHHs HalIMHOTO (PYyHKIIIOHYBaHHS 00’ €KTa B yMOBax HEMOBHOI, HETOYHO1, a
4acTo 1 cynepeusinBoi iHdopmMartii.

AHaJli3 Cy4acHOTO CTaHy JOCJIPKeHb B 00JIacTi 3rajaHuX MpoOJIeM CBIIYUTH
Ipo ICHyBaHHS HEAOMIKIB, MOB'S3aHUX, HacamIiepena, 3 €PEeKTUBHUM 1 CBOEYACHUM
BUSIBIICHHSIM aHOMATiil y TOBEAIHI CKJIQJHOI TEXHIYHOI CHCTEMH, TOLIYKOM Ta
imeHTrudiKaIiero Micls po3TallyBaHHS 1 XapaKTepy BIIMOBH CUCTEMH YH MPOIECY 3a
YMOBH HasSBHOCTI HEBU3HAYCHOCTEH PI3HOTO CTYIEHS Ta XapakTepy.

23. 3AT'AJIbHI TEHJIEHIIII [IOBY1I0BU CYYACHUX TA
IMEPCIIEKTUBHMX CYIIYTHUKOBUX TEJEKOMYHIKAIIIMHIX MEPEX
TA KPUTEPII NIABUILEHHS SIKOCTI IX ®YHKIIOHYBAHHSL.

[Mananiit C.B., epxaBHuii yHiBEpCUTET TeeKOMYyHiKaliii, M. Kui.

B nomnoBimi mpoaHanmi3oBaHO IepeBard  BUKOPHCTAHHS  CYMYTHUKOBUX
TEXHOJIOTIM 3B'A3KY I 3a0€3MEeUYEeHHs MOBHOTO IMOKPUTTS TEIEKOMYHIKAlllHHUMU
MOCJIyraMy BCIX KOPUCTYBauiB B YMOBaxX IIOBCIOJIHOTO Mepexoay Ha Lu(poBi
dbopmaT  MOBJIEHHA 1 3HAYHOTO  3pOCTaHHS  1H(GOPMAIIHHUX  TMOTOKIB.
[IpoananizoBaHo 3arajibHi TEHJEHIIl Ta TEXHOJIOTIYHI PillIEHHS MOOYAOBU Cy4acHUX
Ta TEPCHEKTUBHUX CYIMYTHUKOBUX TEICKOMYHIKaliMHUX Mepex. Haramawo, 1o
3aBAAaHHS  MIABUILNEHHS  AKOCTI  (DYHKIIIOHYBAaHHS  ICHYIOUMX  €JIEMEHTIB
TEJEKOMYHIKALIMHOI Mepexi Moxke OyTh 3a0e3nedeHa JiMIe 3a YMOBH IX
0e3mnepediitHoi poboTH. BU3HAUeHO MOHATTS SKOCTI (PYHKI[IOHYBAHHS CYIYTHUKOBOI
TEJEKOMYHIKALIIHOT MepexXl Ta TpaaWuLiiHI MAXOAW IO OLIHKUA TPpyN KPUTEpIiB ii
AKOCTI. YBary MPUIIJIEHO OLIHII MTPOMYCKHOI 3AaTHOCTI, SKOCTI Mepenadl Ta
KUBYYOCTI CYITyTHUKOBUX MEPEXK, sIKI peanizoBaHi 3a JomoMororo Texnonorii VSAT.
3anponoHOBAHO YJOCKOHAIUTH METOAMKY TIJBUIIEHHS SKOCTI (yHKIIOHYBaHHS
CYIYTHUKOBOI TEJIEKOMYHIKAIIHHOT MEpPEX1 3a PaXyHOK PIIIEHHS IUPOKOTO CIIEKTpa
3aBJIaHb.

24, IHTEJIEKTYAJIbBHA CUCTEMA BUABJIEHHA BTOPITHEHL TA
IPOTUJIII BTOPTHEHD Y BIPTYAJIbHUX MEPEXXEBUX CUCTEMAX.

Bacunenko B.B., Kyknos B.M., Konuk P.C., JlepxaBHUIl yHIBEpCUTET
TeJeKoMyHikaii, M. Kuis.

B nonogiai Oyna mpeacraBiieHa MOAEb 3aXUCTY BIPTyalbHOT MEPEKi Ha OCHOBI
BUSIBJICHHSI aTak 1 pillieHb pekoHpirypamii (ayig migBUIIEHHS cTiiikocTi). JlaHa
Mozenb He moB'szaHa 3 IDS Ha ocHOBI XocTta 1 He BuUpilIye sIK 00poOIATH
sammdpoBaHuil Tpadik s BUSBICHHS aTaku. [IpomoHOBaHEe pillieHHS MOXe OyTH
po3ropHyTo B xmMmapHiii cuctemi Infrastructure-as-a-Service (laaS), 1 wmm
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npunyckaemo, o Cloud Service Provider (CSP) € moOposkicHum. Mu Takox
MPUITYCKAEMO, IO KOPUCTYBaul XMAapHUX CEPBICIB MOXYTh BIJIBHO BCTaHOBIIIOBATU
Oyab-siki omepaniiiHi cucteMd abo gomatku. OIiHKAa NPOTYKTUBHOCTI CHCTEMHU
JIEMOHCTPYE MOXJIMBICThI TOKA3ye, IO TPOMOHOBAHE PIMICHHS J03BOJISIE 1CTOTHO
3HU3UTH PU3UK XMapHOI CUCTEMH BIJl €KCIUTyaTallii 1 3JJ0BXKUBaHb 3 00Ky BHYTPIIIHIX
1 30BHIIIHIX aTak. Moienb TUTbKKM JOCHiKye MepexkeBult IDS miaxia 1o 60poTsom 3
«30M01 arakamu». JIJIsi TIABUINEHHS TOYHOCTI BUsBICHHsS, IDS Xxocrt-pimenHs,
NOBUHHI OXOIUTIOBaTH Bech crekTp IDS B xmaphiit cuctemi. lle moBuHHO OyTH
JTOCHDKEHO B MaiOyTHiH poboti. Kpim Toro, mMu OyaeMo JOCIHIKYBaTH
MacIlITabOBaHICTh 3allPOMIOHOBAHOTO PIMICHHS, JOCHIKYIOUH JCIECHTpaTi30BaHe
VOPaBIiHHSA MEPEeXKeo 1 MOJeNb aHalidy aTakd, 3aCHOBAHOI Ha IOTOYHOMY
JTIOCJHIKEHHI.

25. TEHJAEHLIII PO3BUTKY BE3IIPOBIJJHUX CEHCOPHMX MEPEX

Koasib M.O., BiiicekoBuii incTuTyT KHY 1men1 Tapaca I1leBuenka

[Iporpec B ramy3i MIKpOEJIEKTPOHIKA Ta OE3MPOBIIHUX TEXHOJIOTIH mepeaadi
JaHUX CTaB OCHOBOIO JUIsI CTBOPEHHS HOBOTO KJIACy PO3MOAIIEHUXKOMIT FOTEPHHUX
cucteM — 0e3npoBinHUX ceHcopHUX Mepex (BCM),skiHaOyBaroTh jaenalini MUpOKOro
3acrocyBaHHd. BCM € ogHuUM 13 cy4acHUX 1 MEPCHEKTUBHUX HAIMPSMKIB PO3BUTKY
PO3MOIEHUX CAMOKOH(ITYpPOBAaHUXCHUCTEM MOHITOPHHTY 1 YIPABIIHHS pecypcamu
Ta MPOIIECAMH.

BCM — 1ie po3noiieHI caMOOpraHi3yroui MEpeki, SIKi CKJIaJaloThCs 3 BEIIUKOL
KUIBKOCT1 CEHCOPIB 00’€IHaHUX M CO0OI0 3a JOMOMOrow pagiokaHany. Obmactb
MOKPUTTS TOAI0HOI Mepeki MOXKE CTAaHOBHUTH BiJl JEKUIBKOX METPIB 10 JEKIIBKOX
KIJIOMETPIB 32 PaxyHOK MOXJIMBOCTI PETPAHCIAIIT TMOBIAOMIIEHb BiJ OJHOTO
eJIeMEeHTa JI01HIIOTO.

Texnonoria nepenaui BCM: panio, onTuuHi, Mar"iTHa Haykuis. CepeaoBuiie
nepeiayi: Ha3eMHl, MiJ3eMHI, MmABOAHL. TUN  By3/diB:CTallOHAPHI, MOOUIBHI.
KuBneHHs: cTailioHapHE, aBTOMAaTUYHE, BIIHOBJIIOBAJILHE.

BCM 3HaxonsTh BHUKOPUCTaHHA B PI3HUX cdepax AISUIBHOCTI, 30Kpema,
BCHCTEMAX TEeXHIYHOI10€3MEeKH,B cucTtemax KOHTPOJIIO TaynpaBIiHHS
TEXHOJIOTTYHUMHUITPOIIECAMH, €KOJIOTTYHOTOMOHITOPHUHTY, BIHCHKOBIH cdepi.

BCM, B 3ajeKHOCTI BiJ] 3aCTOCYBaHHsI, MOXYTh BUKOPHUCTOBYBATH PI3HI THUIH
CEHCOpIB, 30KpeMa, TeMIlepaTypHu, BOJOTOCTI, pyXy, THUCKY, CTaHy TPYHTY, PiBHSA
IIyMy, AUMY, BU3HAQUEHHsI XIMIYHOTO CKJady (pEe4oBHH, TOBITpPs), HASBHOCTI abo
BIJICYTHOCTI TEBHUX BHJIB O00’€KTiB, aydio — Ta BigeomaHux. Cepemn OCHOBHUX
obOnacteit 3acrocyBaHH bBCM  HEOOXIAHOBIAMITUTH HACTYIHI: €KOJIOT1YHUMN
TATEXHIYHUI MOHITOPUHI, TOYHE 3e€MJIEPOOCTBO, OXOPOHA3I0POB’S,IHTEIEKTyalIbHI
OYJIUHKU TaCUCTEMU OE3IEKHU.

ExoJiorisa. B exonoriunux gomarkax bCM 3acTOCOBYIOTBCS ISl BIJICTEKEHHS
pyXy mnTaxiB, ApPIOHMX TBapUH 1 KOMAax; MOHITOPUHIY CTaHy HaBKOJIHUIIHbOIO
CepeIoBHINa, TapaMeTPH SKOTO BIUIMBAIOTh HA ypOKall 1 TBAPUHHUIITBO, TOYHOTO
3emiiepoOCTBa;  OIOJOTIYHOTO  MOHITOPUHTY,  MOHITOPUHTY  3a0pyJIHEHHS
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HABKOJIMIIIHBOTO CEpeNOBHUIIA: TMOBITPS, BOJHUX PECYpCiB, B TOMY YHCII MOPIB;
BUSBIICHHS JIICOBUX TMOKEXK; METEOPOJIOTTYHUX a00 Teo(13MUHUX JOCIIIKEHb.

Oxopona 310poB’s. Di3i0JOTIYHUKA  MOHITOPUHT  (YacTOTa  CEpIEBUX
CKOpOYE€Hb, KPOB’ SIHMI TUCK, TEMIIEpaTypa Tija, 4aCTOTa JUXaHHS, PIBEHb CTPECY Ta
1HIII TTapaMeTpH KUTTEAISTIBHOCTI); HEBIAKIAHA JOIIOMOra; MOHITOPUHT IMOBEIIHKH
JITHIX JIFOJICH; MOHITOPUHT MEPCOHAJy 1 MaIllEHTIB BeepearHi JikapHi. dDi310J0r14H1
JaHl, 310paHi 3a JOMOMOTOI CEHCOPHUX MeEpexX, MOXYTh 30epiratucs IMpOTATOM
TPUBAJIOTO MEPIOAY Yacy 1 BAKOPUCTOBYBATUCS JIJISI MEAMYHUXJOCIIIKEHb.

InTenexkryaabHi OyauHkH. 3 pPO3BUTKOM TEXHOJOTIH OE3MpPOBIIHI BY3JIH
OyJlyTh BMOHTOBaH1 y MOOYTOBI IMPHJIaJH, Taki SK MHJIOCOCH, MIKPOXBHJIBOBI Tevl,
XOJIOJUJIBHUKH, JIIOCTPH, KaBOBapku Ta iHmIe. Lle m103BonuTh MOOYTOBUM Mpuiiaiam
B3aEMOJIISITHOUH 30/JJHMMI 3 30BHINIHBOIO MEPEXKEI uepe3MepexylHTepHerado
CYITyTHUKOBHI KaHaJ 3B’ s3KY.

Cucremu TexHiuHoro Mouitopunry. bCM edekTuBHO BUKOPHUCTOBYIOTHCS B
CUCTEMaxX TEXHIYHOTO MOHITOPHHIY, 30KpeMa JJisi KOHTPOJK MOCTIB, HAa(pTOBHUX
TaHKEPIB Ta ra30IpoOBO/IIB; MOHITOPUHTY Oy/AiBEIb Ta CIIOPYJ B CEMCMIYHO aKTUBHUX
palioHax. A TakKOXX CHUCTEeMH OOJIIKy EHEpropecypciB sl 1HAUBIIYaIbHOTO Ta
MIPOMKCIIOBOTO BUKOPUCTAHHSI.

Cucrema Oe3nekn. bCM 3HaxXoisTh BUKOPUCTaHHS BIHIAMBIIYyaJIbHUX Ta
MPOMUCIIOBUX CHCTeMaxX O€3MeKu, 30KpeMa, CHCTEeMH KOHTPOJIO TIEPUMETPY,
BU3HAYCHHS BTOPTHEHHS, BIJIJJTAJICHOTO CIIOCTEPEKCHHS Ta 1HIIUX.

Bonnoudac Bukopuctanus bCM y cucreMax KpUTHYHOTO 3aCTOCYBAHHS CTABUTh
IIJIBUIIICHI BUMOTH JI0 HQJIMHOCTI Ta MPOAYKTUBHOCTI (DYHKIIIOHYBaHHS Ha BCIX
PIBHSIX B3a€MOJI11 €TAJIOHHOI MOJIEJI1 BIAKPUTUX CUCTEM.

26. MOJEJIb CUTYALIIMHO-ATATITUBHOI JIATHOCTUKHA
OYHKUIOHYBAHHA CUCTEMU HIMPOKOCMYTOBOI'O BE3IPOTOBOI'O
3B'A3KY

n.1.H. npodecop Caiiko B.I'., k.r.H. Kazimipenko B.A., [akosa JL.B.,
bpecnascbkuii B.O., KpaBuenko B.I., Jlucenko [[.O., Jlep>kaBHMiI1 yHiBEpCUTET
TeleKoMyHikaii, M. Kui

[TocTiiiHe 3pOCTaHHS PUHKY CHUCTEM 1 MEpEeX IIHPOKOCMYTOBOTO 0€3pOTOBOTO
3B'SI3Ky OOYMOBJIEHHUW 3pOCTAOYOI0 KUIBKICTIO (QYHKIIM omeparopa 3B'S3KY.
Tpanuuiiina MoJIeNb JOCTYITY IO PallopeCypCcy MEPEXi PyXOMOro 3B'sI3Ky 3aCHOBaHa
Ha YMOBHOMY TMO3HUIIIOHYBaHHI ab0OHEHTa B MEpeXi B MOMEHT IMIIKIIOUYECHHS IO
HaWOUIBII CHJIBHOIO KOMIIOHEHT1 PaJllOBUIIPOMIHIOBAHHS. Y TaKid CHCTEMIi 3B'SI3KY
BIJICYTHI TIPOTHO3 PO3MOJIITy HaBaHTa)XEHHs, CTBOPIOBaHOI aboHeHTaMu. Mepexka
ormiepaTopa TMpairoe IUI0A000BO B PEXUMI TMOBHOI TMOTY>KHOCTI BKJIIOUCHHS
BUIPOMIHIOBAYIB 1 MpHUiIMaviB B OYiKyBaHHI aHOMAJIBHOIO SIBUILA Y BUIJIAJI Pi3KOi
3MIHM KOHIIEHTpalli aOOHEHTIB BCepeArHI OOCIyroBY€ThCsS CTUIbHMKHU. Lle
OJIHOYACHO TMPHU3BOAUTH JO CKJIATHOI €JEKTPOMarHiTHOI oOcTaHOBKH. B momosimi
HaBEJCHO pO3pOOJICHY HOBY MOJEIb CHUTYyallliHO-aJallTUBHOT JIarHOCTHKHU, SKa
J03BOJISIE MIPOTHO3YBAaTH PO3MOJLI CUTHAN/IIyM B poOouiid cMy3i poOoTH 0a30BOi
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CTaHUii 1  BIAMOBIAHO  WIABUINATHA  1HQOpPMAIIHY  €MHICTb  CHCTEMHU
HIMPOKOCMYTOBOT'O MOOLITBHOTO 3B'S13KYy Ta €(PEKTUBHICTb ii €KCIUTyaTallii.

27. JOCJIKEHHS KOPIIOPATUBHOI BIPTYAJIbHOI NPUBATHOI
MEPEXI(VPN) “IIPUBAT HETBOPK TEXHOJIOIXXNUC”

Haymenko H.A., Jlep>xaBHU yHIBEpCUTET TeJIeKOMYHiKaIlii, M. Kui

B nmaniit po6oTi 3anponoHOBaHI METOJX JOCIIKCHHS XapaKTEPUCTHUK MEpPEexKi
VPN Hna 06a3i mnianpuemctBa “IIpuBar HetBopk Texnonomxuc”. OmnucaHo
texHosoriro VPN, po3misiHyTo mepeBard Ta HEAOJIKM 1i BHUKOpHUCTaHHSA. byio
IMPOBEJACHO aHaI3 OUIBIIOCTI MPOTrpaM Ta peaiizaiiii, siki BUKOPUCTOBYIOTH JaHY
TEXHOJIOT1I0, a TAKOK MEePCIEKTUBU PO3BUTKY Ha HaWOIMk4l poku. bymo mpoBenaeHo
aHasi3 TMaJiHHS MPOIYKTHUBHOCTI MEpeXi 3 BHUKOPUCTAHHSIM TEXHOJIOTi, IO A€
3MOTy JaTH PealibHy OIIIHKY JIOIIILHOCTI BripoBamkeHHss VPN Ha mianmpuemMcTBax Ta
B MEpekax JIOKATbHOTO PiBHS.

28. BUBHAUEHHS OIITUMAJIBHOI BIJICTAHI XEMMIHI'A JJIA
KUUIBIIEBUX KOJIIB

n.1.H. mpodecop Caiiko B.I'., k.1.H. [likapeB O.B., I'pumenxo JI.M., [{epxaBHuii
YHIBEPCUTET TelleKoMyHiKarlii, M. Kuis

VY mepexxax LTE ognuM 3 HallBa)xJIMBIIIMX MMapaMeTpiB, KU BU3HAYAE SKICTh
CUTHAITy, € IHAUKaTOp siKocTl Kanay mija Ha3Boto CQI (Channel Quality Indicator).

3aJIe’)KHO BiJT HEOOX1THOT /11 aDOHEHTCHKOI CTaHIIT MIBUIKOCTI Iepeiayl JaHuX
0a30BOI0 CTAHINEI0 MPUHAMAETHCS PIMICHHS MPO KUIBKICTh PECYpCHUX OJIOKIB, IO
BUJIUISIFOTHCSI TOTO YM 1HIIIOTO KOPUCTYBAYEBI, a SIKI cCaMe€ YacCTOTH1 OJIOKM BUIILISATH
KOpUCTyBauaMm, 3aiexuth Bif iHAukaropa CQI. KopuctyBauam BUAUISIIOTBCA Ti
pecypcHi Omoku, ski MawTh HaiiBumuMm CQI, a 3HauuTh, HalKpanuMm
CIIBBITHOIIEHHSM CUTHAJ/IiyM. UuUM BUIIE 3HAYCHHs, TUM Kpaile (TUM BHIIE
IIBUJIKICTh, SIKY MOK€ BHUIIIUTH Oa3oBa CTaHIlis oreparopa LTE). Hns
3a0e3nedyeHHss BUCOKMX 3HaueHb CQI  3ampomnoHoBaHO B AKOCTI  KOAY
BUKOPUCTOBYBATH 3aBaJIOCTIMKI KUIbLIEBl KOJIU SIK PI3HOBUJ OJOKOBHX IUKIIYHUX
KkoJiB. IIpyn 1bOMY MPOIOHYETHCS KOAYBAaTH HE caMi KOJHU, a iX C€KBIBaJICHTH, SKi
HA3WBAIOThCSI BEKTOpAaMM TMOKAa3HUKIB 3CyBy. B 1omoBial HaBeneHO pPI3HOBUIU
BEKTOPIB MOKA3HUKIB 3CYBY B 3aJIE’KHOCTI BiJ] CTPYKTYPH KIJBIIEBUX KOIB, a TAKOX
QITOPUTM BU3HAYCHHS NMPOQIII0 ONTUMAIBHOI BiJICTaHl XEeMIHTa JUIsl IUX BEKTOPIB
MTOKA3HHUKIB 3CYyBY.

29. PE3VJIbTATHU PO3POBKU CTOXACTUYHOI MOJIEJII
CUTYALIMHO-AJAIITUBHOI ~ JIATHOCTUKU BIKOH IIPO30POCTI
MEPEXI TEPAT'EPIIOBOI'O AIATTA30OHY

n.1.H. npodecop Caiiko B.I'., k.r.H. Kazimipenko B.A., Jlakosa JL.B.,
bpecnascbkuit B.O., KpaBuenko B.I., Jlucenko [[.O., Jlep>kaBHMiI1 yHiIBEpCUTET
TeleKoMyHikailii, M. Kuis

Y 1omoBiAl HABOJIUTHCS aHaMI3 ICHYIOUHMX METOJIIB IIJIAaHYBAaHHS MEPEK
IITUPOKOCMYTOBOTO O€3/IPOTOBOTO 3B'SI3Ky B TEparepiioBOMy Jliara3oHi, Ha OCHOBI
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SKOTO 3pO0JIEHO BHUCHOBOK, L0 HE3BAKAIOUM Ha CTPIMKE BJIOCKOHAJIEHHS METO/IIB
IUTAHYBaHHS MEpeX MOOUIBHOTO 3B'M3KYy, 3aJMIIAIOTHCS HEBUPILIEH! MHUTAHHS:
VOpPaBIiHHSA KJIACTEpU3ALI€I0 1 PO3paxyHKy TmapaMmeTpiB 0a30BUX CTaHIIiH,
BJIOCKOHAJICHHS METOIB KaHAJhbHO-4aCOBOTO IUIAHYBAHHS B aCTEKTI 3HWKEHHS IX
CKJIQJHOCTI Ta EKOHOMIi KaHaJIhbHO-9aCOBOTO pECypCy, 3araJlbHOCHCTEMHE
BJIOCKOHAJICHHS ~ METOJ[IB  ONTUMI3allli  MOOUIBHUX  CHCTEeM B  YMOBax
TpaHchopmalliiinux 3MmiH curyauiid B cucteMi. CdopmynboBaHo HOBY (opma
J1arHOCTUKHM (PYHKIIIOHYBaHHS MEPEXKI B TepareplioBOMY Jiala3oHi -- CHUTYyallliHO-
aJIalITUBHY, SKa JI03BOJISIE MPOBOJIUTH YIPABIIIHHA MEPEKEI0 B IJIaHI MOJIMIIEHHS ii
PaIio4acTOTHUX MapaMeTPiB B 3aJICKHOCTI BiJl 3MIHU YMOB eKCILTyaTarfii.

30. TEPCIIEKTMBHE PIIIEHHS JJId PUHKY IH®OPMAIIMHNX
TEXHOJIOT'T1

k.T.H. JoueHt Kwupmau JL.A., k.T.H. goueHt Cpibna [.M., epxxaBHuit
YHIBEPCUTET TeJIEKOMYHIKal1i, M. KuiB

Ha croromuinHii gens xmMapHi TexHosorii (Cloudcomputing) craroth Bce OiIbII
NOMYJSIPHUMHU Y BCIiX c(epax JIOACHKOTO JKUTTS, @ B JCSIKUX Tally3sX Cy4acHOTO
0i3Hecy, HaBiTh, HE3aMIHHUMH. 3PY4YHICTb, MPOCTOTA BUKOPUCTAHHS,  JIOCTYI JIO
KOPIOPAaTUBHUX Ta MPUBATHUX PECYpPCiB 3 OYIb-IKOi TOYKU CBITY, 3 OYIb-SKOTO
IPUCTPOIO, 3a0€3NEUyIOTh IPUCKOPEHUIN TEMI iX pO3MOBCIOKeHHs. CydacHl XMapHi
TEXHOJIOTIi - IIPOrpecHBHE Ta IIEPCIEKTHBHE DIilllEHHA. IX IIBUIKE MONIIMPEHHS €
OJIHUM 3 THUX KJIIOYOBUX TPEHJIB, 110 TMOMITHO BIUIMHYB Ha TJ00ATbHUNA PO3BUTOK
PUHKY 1HGOPMAIITHIX TEXHOJOTINA. Y 06aratb0X perioHax CBITY XMapHI CEPBICH BKe
aKTUBHO BUKOPHUCTOBYIOTHCS, IO CHPUAE iX CTPIMKOMY pO3BUTKY. s Ykpainu e,
0€e3yMOBHO, JIOLIJIBHUM OPIEHTYBATUCh Ha JOCBIJ IIUX KpaiH, y TOMY YHCI1, 3 METOIO
rapMOHI3a1ii BITYU3HSIHOTO 3aKOHO/IABCTBA 3 €BPONEHCHKUM.

Ornsan Ta aHalli3 MOMYJIIPHUX XMapHHX cepBiciB (Hanpukian, Google Drive,
MicrosoftOneDrive, AmazonWebServices, Dropbox Ta iH.) moka3aB, IO I
€KOHOMIYHO BWTIHO, a/’K€, BUKOPUCTOBYIOUHM iX, KOMITaHis HE BUMYIIIEHA TPUMATH
BJIACHI MCKOBI MAacHBH Ta BEJIHMKHI CEPBEPHMI MapK, 110, B CBOIO UEPry, 3HUKYE
30UTKH Ha aMOPTHU3ALIIIO0 Ta MATPUMKY 00JIa THAHHS.

31. PO3IOALT THOOPMAIIIMHUX I[TOTOKIB B
TEJJEKOMYHIKAIITHUX MEPEXAX

K.T.H. jgoueHT Tkadenko O.M., Jlep>kaBHHI YHIBEPCUTET TEJIECKOMYHIKAIIii,
M. Kuis

[IponoHy€eThCs METOJT MOCIIIIOBHOTO HAOIMKEHHS PIIICHHS IO ONTUMAJIBHOTO,
AKUW JOLUIBHO BUKOPUCTOBYBATH IJIsi BEMKUX MEpEX, OCOOIMBO SIKIIO MOTPiOHO
MEepPEePO3NOAUISATH MOTOKU, TOOTO 3aCTOCOBYBATH JMHAMIYHE YIPABIIHHS MOTOKAMU
Ha Mepexi B yMOBax, 110 3MIHIOIOThCA. B Mojeni mepexi mnepeadadaerbes, 10
naketu, mo HagxonaTe Ha BK; 1 npusnaueni juig mepenadi Ha BKj yTBOpIOIOTH
IIyaCOHOBCBKHH TIOTIK 3 CEPENHIM 3HAYEHHAM A;j makeris/c. IIpu npomy makeru B
MEpexXi He TyOJsThCs 1 HE BUHUKAIOTh HOBI. JIOBXKMHM BCiX MaKeTIB HE3aJexkKHI 1
PO3MO/IEH] IO eKCIOHEHLIadbHOMY 3aKoHy. [1o oaHiii 1 Tiif ke rimm Pix MOXYTh
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MPOXOJUTH Pi3HI MOTOKK B YACTKOBOMY a00 MOBHOMY 00’€Mi. 3ajaua ONTUMAIbLHOTO
PO3MOJTy TOTOKIB MAaKeTIB MO MEPEeXi MOJSArae B 3HAXOIKEHHI BEIWYHH 6"ki,j -
KOe(ILIEHTIB PO3CIIOBAaHHA MOTOKY Aij (200 yij), AKMI BU3HAYA€ YaCTUHY MOTOKY, 1[0
BITHOCUTBCS 10 TUIKH P, OSG"ki,jSI, npu sIKUX OyAe MIHIMaJIbHUM CEpEeAHIi 4ac
3aTPUMKH Iepeadi nakeTy B Mepexi Teep. METO MOCIIII0BHOTO HAOIMKEHHS MOXKHA
BIJIHECTH JI0 KJIacy iTepariiHux MeTojiB. Ha HynboBi# iTepallii, III0 CKJIaJa€ThCs 3
OJTHOT'O KPOKY, BUKOHY€ETHCS PO3IIOLI MOTOKIB 10 HAHKOPOTIIMM LUIIXaM, IIPUIOMY
KpHUTEpieM BUOOPY HAUKOPOTILIOTO MUIAXY € Yac 3aTPUMKH MTAKETy B [bOMY LUIIXY.

32. IIOKPAIIEHHA  AKICHUX  XAPAKTEPUCTHUK  3O0BPAXEHD
PAJIIOJIOKAIIIMHMUX OB'€KTIB 3A PAXYHOK VYIOCKOHAJIEHHSA
CTPYKTYPHOI IIOBYIOBU BI1 PJIC

[roma H.B., lepxaBHuii yHIBEpCUTET TeleKOMYHiKaIii, M. Kuis

3 METOI0 MOKpAIEHHS SKICHUX XapaKTEPUCTUK 300paxKeHb paioioKaliiHUX
00'€KTIB MPOMOHYETHCSA YJOCKOHAJIEHHSI CTPYKTYpPHOI MOOYZAOBH OaraTorno3HIiiHOI
paaiosiokaniiftHoi cucremu 13 cunTesyBanHsaM aneptypu (BII PJIC CA), 3a paxyHok
BKJIIOYEHHS 1O HEi JIOAaTKOBMX BHUMIPIOBAYiB MapaMeTpiB  BTOPUHHOIO
€JICKTPOMAarHiTHOTO IIOJIs, IO 30UIBIINTh KUIBKICTh NPHHUMaIbHUX TIO3WIIN B
HaIIBaKTUBHOMY PEKHMMI MOHITOPHHTY.

3acrocyBanHa BII PJIC 13 3anponoHOBaHOI  CTPYKTYpPOIO  JO3BOJIUTH
peanizyBaTu: HAMlIBAKTUBHUM PEXUM MOHITOPUHTY 3a MICIHEBICTIO 31 3HAYHUM
MOKPAILEHHSAM SIKICHUX XapaKTEepUCTUK 300pakeHb ii €JeMEHTIB; LU(POBY nepenavy
paaiosiokamiiftHoi 1H(opmMmarlli, mo 3abe3nedye BUCOKY TOYHICTh 1i mepenadi i
B1IOOpa)KE€HHA, MPAKTUYHO HEIOCSKHOI MPU CYYacHIM TEXHOJIOTII B aHAJIOrOBUX
CUCTEMAaX; BUCOKY 3aBa/IOCTIMKICTh PaJl0JOKaIMHOTO KaHAIIB Nepeaayl iHpopMmallii,
MO>KJIUBICTh Oararopa3oBoi peTpaHCIIALIl Ta nmepe3anucy 1H(opMallii; Maixy NUTOMY
BUTPATy CMYTH YaCTOT Ta 3PYYHICTh BUKOPUCTAHHS YACOBOTO PO3MOALTY KaHAIIB.

33. IIEPCIIEKTUBHU 3ACTOCYBAHHA CMAPT-AHTEH B CHUCTEMAX
PYXOMOI'O 3B’A3KY

barpak €.0., [lep>xaBHuii yHIBEpCUTET TelleKOMYyHIKallii, m. Kuis

BpaxoBytoun nocTiiiHe 3pOCTaHHs MMONUTY Ha CHCTEMH PYyXOMOTO 3B'3Ky, Ha
CHOTOIHIIIHIN JIeHb BUHHUKAE HEOOXIMHICTh OLIbINI €(PEKTUBHOTO BUKOPUCTAHHS
BUJIIJIEHOTO YaCTOTHOTO CHEKTpy. JJisi BUpIMICHHS aHO1 MPOOJIEMH MPOTOHYETHCS
3aCTOCYBAHHS 1HTEIEKTYalbHHUX (CMapT) aHTEHHUX CHUCTEM.

BrnpoBajkeHHS TakMX aHTEH B Pi3HI CUCTEMHU 3B'SI3KY J03BOJHTH. JOCSITH
HOBOTO SIKICHOTO 1 KUIBKICHOTO PIBHSI B IIBHJAKOCTI mepenadi HUGpPOBUX JaHUX Ta
00poTHO1 3 MACHBHUMM 1 AKTUBHUMU TEPEIIKOIAMHU; peali3yBaTH BUCOKOE(DEKTUBHI
MEpEeXKi 3 MAaKCUMAJIbHOIO MPOITYCKHOIO 3JaTHICTIO; TOJIMIIETH SKOCTI MOCIYTH Ta
PO3UIMPUTH 30HU MTOKPUTTSL.

CrtBopenns ®AP B cepeiiHI MUHYJIOTO CTOJITTS 1aJI0 BEJIMYE3HUM MOIMITOBX 0
PO3BUTKY BHMCOKOYAaCTOTHOI €JIEeMEHTHOI 0a3u: (a3zoolepTadiB, aTEHIOATOPIB,
MajorabapuTHUX MiJCUIIOBAYIB, (EPUTOBUX MPUCTPOIB Ta 1H.
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Jl7ig UpOKOro BOPOBAHKEHHS CMapT-aHTeH HEOOXI/IHI 111 K MPUCTPOi, ajie BiKe
B IHTErpajbHOMY BHUKOHAHHI, a TaKOX CHTHaJbHI MPOIECOPH, Kl € OIHIEI0 3
OCHOBHUX YaCTHH aJalTHBHUX aHTCHHUX PELIITOK.

34. AHAJII3 IEPCITEKTMBHUX TEXHOJIOI'TA ITEPEJIAUI JAHMX B
CYUACHUX ITPUCTPOSAX MOBIJIBHOI'O 3B'A3KY

n.1.H. npodecop Caiiko B.I'., KpaBuenko B.I., JlepxaBHuii yHIBEpCUTET
TeleKoMyHikaiii, M. Kui

[TocriitHa moTpebda KOPHUCTYBadiB B OTPHMAaHHI OUIBII IIUPOKOTO CIEKTPY
MOCIYT 1 JUHaAMIYHE 301JIBIIEHHS SIKOCTI MYJIbTUMEIIMHOTO KOHTEHTY 3MYIIYIOTh
MPOBITHUX BUPOOHUKIB YJOCKOHAJIUTH HAasBHI Ta CTBOPIOBATU MPHUHIIUIIOBO HOBI
TeXHIUHI pIIICHHS i 3a0€3MeUYeHHsS KOPUCTYBayiB SKICHOIO 1 BUCOKOIIBHIKICHOIO
nepenavyero J1aHuXx.

KpiM OCHOBHUX TEXHIYHMX XapaKTEPHUCTUK, TAKUX SK PO3MIUPCHHS EKpaHy
(IITBHICTH TIKCEITIB HA IIOWM), TAKTOBA 4acTOTa MPOIIecopa, KiTbKICTh OepaTUBHOL
naMm'aTi Ta 1HIIE, CY4acCHOrO CIIOXKMBaya TaK CaMO LIKaBUTh IIBHUJIKICTh, SKa
J03BOJINTh KOPHCTYBAu€Bl NPALIOBATA 3 MYJBTHUMEIIMHUM KOHTEHTOM B PEXKUMI
peanbHOro 4acy. B poOoTi mpoBeAeHO aHalli3 NMEPCIEKTUBHUX TEXHOJOTIN nepesadi
1H(pOopMaIlii, IKi BAKOPUCTOBYIOTHCSI B Cy4YaCHUX MOOUTBHUX TaJ[KETaX.

[IpeacTaBieni TEXHIYHI XapaKTEPUCTHKU TPUCTPOIB, SKI BUKOPUCTOBYIOTH
MepeoBl TEXHIUHI PIMICHHS I 3a0e3MeYeHHs] KOPUCTYBayiB BUCOKOIIBUIKICHUM
aocTtynoM a0 Mepexi IHrepHer. IlpoBeneHO NOPIBHAJIBHUI aHai3 Cy4yacHHUX
MOJIEMIB, 5IKi BCTAHOBJIIOIOTHCS B MOOUIbHI IPUCTPOT 1 3a0€3Meuyl0Th KOPUCTYBAUiB
IIHPOKUM HAOOPOM OE3APOTOBUX MOCHTYT.

35. AHAJII3 TEXHIYHMX  ACIIEKTIB TIIOBYJOBU KAHAJIY
HINPOKOCMYT'OBOI'O NIOCTVITY TEPATEPLHOBOI'O AIAITA3OHY

1.17.H. mpogecop Caiiko B.I'., k.1.H. Kazimipenko B.f1.,Jlep:xaBauii yHIBEpCUTET
TeleKoMyHikailii, M. Kuis

K.T.H. HaputHuk T.M., [HCTUTYT €JIeKTPOHIKM 1 3B’A3KYy YKpaiHChKOI akaaemii
HayK

Buuepnanicth JIEH31HHOTO YaCTOTHOTO PECYpPCy Ta CTPIMKE ITiABUIICHHS
noTpeOu HaceJIeHHS B JOCTYII N0 1H(GOpMAIIITHUX MepexX MoTpedye MOCHiIKEHHS
BHKOPHCTAaHHS B MEpekax JOCTYIY HEJIIEeH31MHOr0 Y4acTOTHOTO PECypcy, 30Kpema
TeparepiioBOMy YaCTOTHOMY Jiana3oHi. AJjie TOKPHUTTS MOCTyraMu 3HAYHOI TePUTOPIi
MEpEeXKEI KaHajiB TeparepioBoro Iiana3oHy YCKIATHIOEThCS BIJICYTHICTIO  Ha
CHOTOJHI TIE€peaBalbHUX TPAKTIB MPUHHATHOI BAPTOCTI Ta MOTPIOHOT MOTY>KHOCTI 1
MaJIOIIYMJISTYMX TTPUHMaTbHUX TPAKTIB.

[Ipu upomy, sKIIO B MicTax OOJaCHUX IIEHTPIB ICHYE JOCHUTh PO3BUHYTA
ONTOBOJIOKOHHA MepeXka Mo SKiil 3a3BUYail peani3yeTbesi JOCTYN 10 1HPOpMALIHHUX
pecypciB, TO B HEBEJIIMKHX MICTaxX Ta B MPUJISTAIOYHUX CITBCHKUX HACEICHUX MyHKTaX
BIICYTHS Taka Mepexa. B Jokiaai HaBOJATHCS OCOOJIMBOCTI PO3MOBCIOIKCHHS
pamioXBUIbL B TEpareplioBOMY Jiana3oHi Tape3yibTaTH aHali3y BITUU3HSIHHUX
TEXHIYHUX pillleHb MOOYAO0BH KaHaTy HMIMPOKOCMYTOBOTO JIOCTYIY TEparepIioBoro
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Jiana3oHy. 3anpornoHOBAaHO TEXHIYHE PIMICHHS KaHaly IIMPOKOCMYTOBOTO
pamiofoCTylly B TeparepluoBOMy [iama3oHl 13 MIABUIICHOI 1H(QOpMAIITHO0
e(heKTUBHICTIO.

36. BUSHAUEHHSI BIUIMBY  HEJIHIMHOCTI  AMIUNTYHUX
XAPAKTEPUCTHUK HA TIIOKA3HUMKM SAKOCTI ®YHKIIOHYBAHHA
BOPTOBUX PAJIOJIOKALIIMHUX CTAHLIIN

1.T.H. noueHT 3aika B.®., JlepkaBHM1 YHIBEpCUTET TeJIeKOMYHiKaIlii, M. Kui

B pgomoBimi  mpoanamizoBaHi  (akTopw, K1 BIUIMBAIOTh Ha  SKICTh
¢dbyHKUioOHYBaHHA OopToBuX pamionokamiaux craHuiin (bPJIC) mucranuiitnoro
30HAYBaHHA 3€MJli, Ta BU3HAYCHO, III0 HAWOUIBII CYTTEBUM 3 HUX € OOMEXKEHICTh
AMHAMIYHOTO Jiala3oHy peaJbHUX palionpuiiMajIbHUX TMPUCTPOIB  BHACIITOK
HEJTHIMHOCTI X aMIUTITYAHUX XapaKTEPUCTUK.

[Ipu dYomy, skmo (a3oBi HIyMH CYTTEBO BIUIMBAIOTh, B OCHOBHOMY, Ha
korepeHTHi BPJIC, To aMIUNTyIHI HENIHIMHI CIOTBOPEHHS  MOTIPUIYIOTh
(dbyHKIIOHYBaHHS TpakTU4HO ycix TumiB BPJIC, ane aHamiTH4HI CIiBBITHOIICHHS, K1
JO3BOJISIIOTh  IHTErpajibHO BPaxOBYBATH BIUIMB YCIX HENIHIMHUX €QEeKTIB Yy
pamionpuiiManeuux npuctposx (PIIII) Ha 3MiHy BUXIAHOTO CIHIBBIJHOIIECHHS
CUTHAJI/IIyM, Y BIJOMINA JiTepaTypl HE HaBeACHI. 3ampoloHOBaHI BHUpa3H, SKi
JI03BOJISIIOTH OXapaKTEePU3yBaTUE HEIIHINMHI SBUILA TUITY OJOKYBaHHS («3a0UTTS») Ta
3HmKeHHsT uyTTeBocTi PIIII, a Takoxx 3HIMCHIOBAaTH ONHUC MEPEXPECHUX Ta
iHTepMOAYIALIMHMX myMiB. IX BMKOPHCTaHHSA JO3BONMTH 3/iHCHIOBATH CHUCTEMHI
JOCIIJKEHHS 1110710 KOMIUJIEKCHOI OLIIHKY BIUTMBY HemiHiAHUX nporeciB y BPJIC na
MOKa3HUKHU AKOCTI 1X ()YHKIIIOHYBaHHS.

37. AHAJII3  IIEPCIIEKTMB  €BPOIHTEIPALIII VKPAIHU B
KOCMIYHIN CDEPI

K.T.H. MaxoHniH €.1., x.T.H. gonient Brnacenko I'.M., I'inamsim B.K., Jlep>kaBHuit
YHIBEpCUTET TeJIeKOMYyHIKalii, M. KuiB

B ymoBax konu cmiBpoOITHMUTBO 3 Poci€ero B KOCMIYHIN cdepi NPUIUHEHO,
pO3ipBaHl KOOTMepaliiHi 3B’S3KW, 1 3YNMHHEHI paHilie Y3ro/KEeHI YKpaiHChKO-
POCIHCBbKI TPOEKTH, BHUHHUKJIA HEOOXITHICTh TMOCHJICHHS CIIBIpaIll 3 KOMITaHISIMH
MPOBIAHUX KpaiH CBITY Ta MOIIYK HOBUX MOTYKHUX IMAPTHEPIB AJIs CIIBPOOITHUIITBA.

3 MOMITUYHUX TPUYMH Ta 3 OTJISAAY Ha TMOMEPEeNHIM TOCBIJ MEepeopieHTAIliIo
JUSUTBHOCT1 JIOUUIBHO 30CepeuTH Ha ToriaubieHHi cruiBpoOitHuirBa 3 €C, CIIA,
Kuraem, kpainamu Jlatuncbekoi Amepuku. KocmiuHa raity3b Bxke Ma€ MEBHUM JTOCBIT
ciniBpoOiTHuTBa 3 €C B ramy3l HayKd, NPUHHSABIIM Y4YacTb Y €BPOINEUCHKUX
MpoekTax, 30kpeMa Yy cdepax cynytHukoBoi Hasirauii (EGNOS/Galileo) Ta
aucTaniiaoro 3ouayBands 3emiai (GMES-Copernicus).

TakyuM YMHOM TOJIOBHUM IMPIOPUTETOM YKpaiHU € pO3ropTaHHs Ha OpOITi
KOCMIYHUX CHUCTEM CIOCTEpPEKEHHs 3eMill Ta CTBOPEHHS €(EKTHBHOI HAa3eMHOI
CHUCTEMH BUKOPHUCTAHHS aepOKOCMIYHMX JIaHMX, a TaKOX 3a0e3NedYeHHs yd4acTi y
3M1MCHEHH] 3aXO0/iB 3 PO3IMIMPEHHS MAil CyMYTHUKOBUX CHUCTEM (DYHKIIIOHAIBHOIO
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nornoBHeHHsT EGNOS Ha Tepurtopito YKpaiHW 3 BHUKOPHUCTaHHAM Y KpaiHCHKHUX
CTaHIII MOHITOPUHTY ILTICHOCTI.

38. 10 IIMTAHHA MATEMATHUYHOI'O MOJEJIIOBAHHSA TTPOLIECY
VITPABJIIHHS TEJJEKOMYHIKAIIMTHOIO MEPEXXEIO

k.T.H. KebOka B.B., k.m.H. gou. IlleBuenko C.M., n.1.H. non. Onumenko B.B.,
Jlep>kaBHUM YHIBEPCUTET TeIeKOMYyHiKalliid, M. Kuip

[Ipu mpoBeneHHI OCHIKEHHS PO3MISIHYTI MPUHIUIIM Ta €Talu YIpaBIIiHHS
TeJIeKOMYHIKaIiiiHOl0 Mepexero. Chnuparodyuch Ha JOCHIDKCHHS B TEXHIYHIN
JiTeparypi, IpoaHalli30BaHl Pi3HI MiAXO0U 10 CYy9aCHUX TEICKOMYHIKAIIMHUX MEPExK
Ta ynpaBiiHHS HuMH. [IpoaHamizoBaHi eTamM yHpPaBIiHHSA TEIEKOMYHIKAIIHHOIO
Mepexkero. OxapakTepu30BaHO MaTEMaTHYHE MOJICTIOBAHHS IPOLECY YMNPaBIiHHS
TEJIEKOMYHIKAIIHOI0 MEPEKEIO.

Bbyayemo 1minpoBy (yHKIIO Ta BH3HAYaeEMO 00JacTh, B MeXax fKOi Oyaemo
ONTHMI3yBaTU OTpuMaHy (yHKmito. Ha ocHOBI oTpuMaHoi LUIbOBOI (HyHKIIIT
Bu3HauaeMo Qynkuii f,, f,, f,, gkl BU3Ha4alOTH 3a/MEXKHICTH NOKA3HUKIB SKOCTI

Mepeki Bl KOMaHJ  YNpaBliHHA, 1 OyJIyeMO  alNropuT™M  YIOpaBIiHHS
TEJICKOMYHIKAIIITHOIO ~ MEpeX, METOK SKOr0 €  MIHIMI3alis  CepPeIHbOro
KBaJ[paTUYHOTO BIAXWJICHHS TMOKAa3HUKIB sikocTi. [limboBa QyHKINs Ta 001acTh, Ha
K1 BOHA Oyne posrisgatvcs, OyayTh BH3HAUCHI B 3aJIEKHOCTI BIJ MOKA3HUKIB
SIKOCTI, IK1 HEOOX1THO ONTUMI3yBaTH, Ta KOHKPETHOI MEPEXKI.

Po3rnsHyTi eranu ynopaBiiHHSA TEIEKOMYHIKALIMHOI MEPEXEI CKIIAIaloTh
OCHOBY MOJICIIIOBAHHSI MPOIECY YIPABIIHHS, SIKE B MOJAIBIIOMY MPOJAOBXKYBaTUME
YAOCKOHAIOBATUCS Pa30M 13 PO3BUTKOM TEJIEKOMYHIKAIIHHOT MEPEXKI.

39. ®OTOAIOA JJIA OIITOBOJIOKOHHOI CUCTEMU TIEPEJJABAHHA
PAAIOYACTOTHOI'O CUT'HAJTY

K.T.H. goreHT AuapeeBa H.O., I'ymenna I'.O., a.b-M.H. ipodecop 3yeB B.O.,
Jlep>xaBHUIT YHIBEpCUTET TeJIEKOMYHiKaliid, M. Kui

3anpononoBano ¢otomion (PJI) nns 6a3oBoi craHiii NP BUKOPUCTAHHI B
TEXHOJIOT1i BiJJJaJieHOro rerepoauHyBaHHs D] mpairoe SK ONTUKO-EIEKTPUYHUN
nepeTBoproBay 1 sk 3MminryBad. Po3pobneHo kpemuieBuit ®@J1 3 6ap’epom HIoTTKH.
Brnepiue gocnigkeHa yacTOTHA XapaKTepUCTHKa BkazaHoro tuiy O/I.

HeoOxinHicTh  MOIyNALii  Ja3epHOr0 MPOMEHIO  HAJIIMPOKOCMYTOBHUMHU
MyJIbTUMENIMHUMU curHanamMu 4G BUHMKIIA Y 3B'SI3KY 3 HEOOX1THICTIO JOCTaBKHU LHUX
CUTHAJIIB 10 0a30BUX CTaHLIM Mepexi MOOUIBHOrO 3B’SI3Ky 3a JIOMOMOTOIO
HaJIIMPOKOCMYTOBOI PO3MOILIILYOI ONTOBOJOKOHHOT MEPEKI.

[lepeBara MITIMETPOBOrO [1ala3oHy: BeJMKa CcMyra mnpomyckaHHs. Jlis
CIIPOIIEHHS KOHCTPYKITii 0a30BUX CTAHIIIM Ta 3HWKEHHS 1X BapTOCT1 OJTHUM 3 PIIICHb
MOJKE CTAaTH 3aCTOCYBaHHS TEXHOJIOTIT paao-mo-BosiokHy (Radio-over-fiber, RoF).

OmgHuM 3 TakuxX BaplaHTIB — TEXHOJIOTIS 3 BiIJalIEHUM TeTEepPOJIMHYBAHHSIM
(Remote Heterodyne Detection). Ilpuniun pobGoTu monArae B KOTEPECHTHOMY
3MillyBaHHI Ha QoroaioAl 0a30BOi CTaHII CUTHAJIIB ABOX ONTUYHUX HECYYHX,
sreHepoBanHux B meHTpi komytamii (LK), nis BuaiieHHs panio4acTOTHOTO CUTHATY
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MUTIMETPOBOrO [iana3oHy XBWwib. DOTOAION TMpalioe HE TIIBKA SK ONTHKO-
enektpuunHmii nepersopioBay (OE), ane 1 sk 3MimryBay.

JIBa nasepHUX [i0Aa MalOTh PI3HMIKO BUIIPOMIHIOBAHMX YacTOT, BiMOBITHY
HeoOX1/IHii pagioyacToTi. MimiMeTpoBHii Aiana3oH pajioyacToOTH OOpaHMiA JIJIsl TOTO,
mo0 cMyra poboyux 4HacToT B HboMy Oyina © He Ouibmie 10% Big aOCOMIOTHON
HECY4O0l YaCTOTH I[LOTO Jiana3oHy.

B cucremi nepenaBaHHs i pajioyaCTOTHOTO CUTHalTY (B JABOMPOMEHEBIi
ONTUYHIN BOJIOKOHHIH JIiHIT), BUkopucrane ®J 6a3oBoi cTaHIii.

Ha choromni 'y  BOJIOKOHHO-ONTHMYHUX cuctemax 3B's3ky (BOC3)
BUKOPHCTOBYIOTHCSI B OCHOBHOMY 00’eMHi jaBuHHI (ortomionu (D) p-i-n D/
Po3po6meni @] Ha 0CHOBI By3bKO 30HHUX HAMiBIPOBIAHUKIB. B 06macTi BUAMMOTO
cBiTia 1 OMkHBOT 1HGpadepBoHoi obnacti (MY) Haiikpanry 9yTiauBicTh MatoTh D/,
[0 BUKOHAHI HA OCHOBI KPEMHIIO. AJie, MOYMHAIOUN 3 JOBXHHH XBWil 1,1 MKM
YYTJIMBICTh MY)K€ IIBUIKO 3MEHIIYETHCS 1 Bxke mpu A=1,15 MKM BOHA IpPaKTHYHO
JIOPIBHIOE HYIJIIO.

3CyHYTH CHOEKTpalbHY XapaKTepUCTHKy KpemHieBux @DJ y Ouibid
JOBFOXBUJILOBY 00J1aCTh (Ha Kpail BIaCHOTO MOIVIMHAHHS) MOYKHA BUKOPHUCTOBYIOUU
npunaau 3 6ap’epoM LIOTTKH, MPUAATHOTO AJ11 BUKOPUCTAHHS B OITUYHOMY 3B'SA3KY.

Bucora BHytpimHbOoro Oap’epy LIoTTkM Ha MeXl MeTall-HaIiBIPOBIIHUK
BU3HAYAETHCS BIACTUBOCTAMU MeTaly (poOoToro Buxoay). Jlioau Ha OCHOBI KPEMHIIO
MalTh YYTJIUBICTh Yy JAlana3oHl JOBXHH XBWJIb 1-2 MKM, a NHpHU BIANOBIIHOMY
oOpaHHI KOHTaKTYIOUMX METadiB, THUIY MPOBIJHOCTI KpeMHII0 1 poOoyoi
TeMIIepaTypu 00JIaCTh YYTIUBOCTI MOKE OyTH PO3TATHYTA 10 4 MKM.

Humu Bnepme Oynu JOCHIIKEHI YaCTOTHI XapaKTEPUCTHUKUA BKA3aHOTO THUITY
®J[. byna 3anpornoHoBaHa (i3uyHa eKBiBaJeHTHa cxema (oTonmiony, sdka Oyia
CKJIaJIeHa Ha OCHOBI BIJJOMHX METO/IIB.

Pesynbratu  mpoBeAeHMX ~ JIOCHIUKEHb  CHEKTPAJIbHHUX 1  YaCTOTHUX
XapaKTEepUCTUK (HOTOMIONY MIATBEPIUIN MOXKIMBICTh BUKOPUCTAHHS MpUIAay B
OINITOBOJIOKOHHMX CHCTEMax MepeaaBaHHs paaloyacTOTHOTO CUTHAITY.

40. METOJI BW3HAYEHHS HECTIMKUX BIJIMOB 1 3BOIB
B IHTEJIEKTY AJIbHUX THOOPMAIIIMHUX CUCTEMAX

Appensn B.B., KipoBorpaaceka npoTHa akagemis HAY, M. KponuBHULBKMIA,

K.@i3-mMat.H Mycienko A.Il., KuiBcbkuii Hal[lOHAJIbHUI YHIBEPCUTET IMEHI
Tapaca [lleBuenka, M. KuiB

VY nomoBini Oyae po3risiHyTa METOJ BUSBJICHHS HECTIMKMX BIJIMOB 1 300iB B
IHTENEeKTyallbHUX 1HQopMaliiiHuX cucremax. CyTh J1arHOCTYBaHHS HECTIMKHUX
BI/IMOB TIOJIITA€ B MOJKJIMBOMY BHUSBIICHHI BIJMOBH 3a paxyHOK BHUKOHAHHS
IIEPEBIPOK, IO IOBTOPIOIOTHCSI, B MOMEHTH aKTHBHOI ()a3W HECTIMKOi BiJMOBH,
HAKOMWYEHHS 1 TOJAJBIIOr0 aHaji3y MOJEpHI30BaHOTO cUHApoMYy. OcoOIMBICTH
JAHOTO TIJIXOJYy Ha BIAMIHY BiJ ICHYIOUHX, MOJSTa€E B TOMY, IO MPOIEaypa
JIarHOCTYBAaHHS 3/IMCHIOETHCS OJTHOYACHO 3 BHUPIMICHHSM pOOOYMX 3aBIaHb 1 €
(OHOBOIO MO BIIHOUIEHHIO JO HHX. 3aBISKH I1bOMY, BHUKJIIOYAE€THCS BILIUB
MIPOIIETypH T1arHOCTYBaHHS Ha OOYHMCIIIOBAIBLHUH TIporiec y 1HGOpMaIliiiHii cCUCTEM.
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Taxuit migxig Moxke OyTH 3A1MCHEHO JIMIIE MPH peani3allii BUMaJKOBOI CTPYKTYpHU
IarHOCTUYHUX 3B'SI3KIB.

BusBnenHss HeCTIMKMX BIAMOB MO’KHa IPOBOJUTH 3a PaxXyHOK TECTOBOTO
miarHocTyBaHHsA. llpu TakoMy BHAI JIarHOCTYBaHHA pPO3POOJSIOTHCA TECTOBI
3aBAaHHS, 110 MOCUJIAIOTHCS 3 OJJHOTO OOYMCIIOBAIIBHOIO MOJYJIS Ha JAPYTUH, SKUM
miciasi BUKOHAHHS BIANpABIs€ TEPIIOMY peakiito Ha Tect. [lepmmii momaynb
MOPIBHIOE OTpUMaHy i1H(OpMaIII0 3 €TAaJOHHOI PEaKIli€l0 Ha TECT Ta BUBOJUTH
pe3ynbTaT A1arHOCTYBaHHA [jj.

C