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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTyajdbHicTb TeMHu. CyyacHi MicTa - COIIOIOJICH 13  CKJIAJIHOIO
iHppacTpykTypoto, sAKy mnoTrpibHO  edexTuBHO  ¢doOpMyBaTH,  PO3BHUBATH,
MOJIEpHI30BYBATH Ta aJaNTOBYBaTH 10 NoTped rpomaau. OnHa 13 HaliepeKTUBHIINUX
KOHIENI[i ynpaBiiHHSA - «Po3ymHe MmicTo», sika mependavae peopraHizaiiio BCiX
chep KUTTEASUIBHOCTI MICTa, NUISIXOM CTBOPEHHS Ta 3alpOBAKEHHS CydaCHUX
1HbOpMaIIHHUX TENIEKOMYHIKAIIHHUX TEXHOJOTIH, KOMYHIKAIllHHO-IH)KEHEPHUX Ta
TPAHCIIOPTHUX MEPEX, CUCTeM KepyBaHHS HHMH, COOl-tieHTpiB. Ha ocHOBIi mi€i
KOHIENIi1 (opMyIOThCsl OpTdhemni MpoeKTiB kiacy «Po3ymHe MiCTO» i KOKHOTO
okpemMoro cotiomnoinicy. B xoai peanizauii nepeadayaeTbcs cTBOpEHHS €(EeKTUBHUX
MEXaHI3MIB YIPABIIHHS, IHTEJICKTyaIbHUX CHCTEM 3 €JIEMEHTaMH J1arHOCTHKH,
CepBICY, KOHTPOJIIO, OIPAIIOBAHHS CTATUCTUYHUX JIaHUX, OC3IMEeKH Ta KiOepOe3neKkH.
3HavyHa KUIBKICTh BEJIMKHX Ta MaJIMX MICT CBITY 3aCTOCOBYIOTh JaHy 1HHOBAIIIO IS
peamizaiii MPOEKTIB, M0 3a0€3MeuyloTh iX PO3BUTOK 3  BIPOBAHKCHHSIM
IHTEJICKTyaIbHUX [HU(PPOBUX 1HGOPMAIIIHO- TEJIEKOMYHIKAIIHHUX MeEpex Ta
TexHoJIoT1H. Peamizaiito npoekTiB kinacy «Po3ymMHe MicTO» MIATPUMYIOTh PO3BUHYTI
KpaiHU CBITY 3 METOI0 HIJABUIICHHSA SKOCTI JXHUTTA, €KOHOMIYHOIO 3pPOCTaHHS
PETIOHIB Ta ONTUMI3ALlT TETEKOMYHIKAIHHUX MEPEXK.

Mera Ta 3agadi jgocaimkeHHsa. Mertoro € anam3 iH(oOpMaLiiHO-
TEJEKOMYHIKAIIIMHMUX TEXHOJIOTIM “pO3yMHUX MICT, BHU3HAUEHHA €(EKTUBHOI
apXITEKTYpHU TPAHCIOPTHUX TEJIEKOMYHIKAIITHUX MEpEX, MIIX0AIB A0 MOJEpHI3aLii
ICHYIOUMX Ta ajanTaiii 10 HOBUX LU(pOBUX 1HPOpPMALIHHO-TEICKOMYHIKAIIHHUX
MEPEK.

O0'exToM JociimxKeHHs: € aHami3 (DYHKIIOHYBaHHS  TEXHOJIOTTYHHX
KiactepiB, GOpMyBaHHS [HUQPPOBUX TEICKOMYHIKAIIMHUX MEpeX, SKI BXKe
BIIPOBA/KEHI, aJIalITOBaHI Ta MIPOUIILIN anpoOaIlito y 3arajibHiil iHGpacTpyKTypi MICT
Ta OKpPEeMHX PErioHiB, 3a0e3meuyioTh (DYHKI[IOHAIBHICTh PI3HUX HaNpsSMiB
KUTTENSUIBHOCTI MicTa Ta €)EKTUBHOTO YIIPABIIIHHS HUM.

AHamni3 JOCHIIHMIIBKUX JIa0OpaTopiii MPOBIHUX YHIBEPCUTETIB  CBITY
(JTaboparopis «Po3ymHOro mictay MacauycenbKoro TeXHOJIOTIYHOTO THCTUTYTY [13],
sika (POKYCY€EThCSI HA CUCTeMaxX MOOUIBHOCTI, mocimauipkuil koHcopiiym IntelCities
[14], sxuii CTBOPUB CHCTEMY EJICKTPOHHOTO YpSIIyBaHHS Ha OCHOBI IH(POBHX
TEJIEKOMYHIKAIIHHUX MEPEK).

IIpeamerom gociigaxeHHs € 1HPOPMALIMHO TEIEKOMYHIKALIIHI TPAaHCIOPTHI
Mepexl iXHS ajanTaiis 10 CUCTEM Iepeadl JaHUX Ha OCHOBI TEXHOJIOTIT ~pO3YMHUX
MICT”, CTBOPEHHS MaTeMaTHU4YHOI MOJENI TEXHIYHOI CTPYKTypH 1HGOpMaIlIiHO-
TEJIEKOMYHIKALIMHOI Mepexi, sKa BUKOPUCTOBYETHCSA JIA IMOKpAIICHHS Iepeaayi
JAHUX, SKOCT1 JKUTTA, OE3MEKH, CHEProoIIaHOCTI 1 MEepPeXoay Ha aabTepHATHUBHI
JpKepenia eHeprii, 3a0e3MedYeHHsI €KOJIOTTYHOTO KOHTPOJII0, EKOHOMIYHOTO 3PDOCTAHHS.

BpaxoByroun, mo 3a pi3HUMH OIIIHKAMU YHUCEIBHICTh MICHKOTO HACEJICHHS
mBuako 3poctae 1 10 2020 poky opientoBHO nocsirHe 80% BiJg BCHOTO HACEJICHHS
riaHeTH 1 Ha micta Oyne mpunaaatu 70% BBII [1], ebexktuBHEe ynpaBiaiHHS TaKUMU
corrionoiicamMu (MaJrMH Ta BETUKUMH) GOopMy€e HOBI 3aBAaHHS 1010 BIIPOBAKECHHS
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u(POBUX TEXHOJIOTIH, 1HTENEKTyaJIbHUX CHCTEM Ta iHTerpauii iHpopMmauiiHux Ta
koMyHikaniiaux Texnojorii (IKT) B indppacTpykTypy MicT.

Metoaun pociaimkeHnsi. Po3poOka apXiTeKTypu MaTeMaTH4HOI MOJEIl
TEJIEKOMYHIKAIIHOT MepeX1 ISl TEXHOJIOT11 “pO3yMHUX MICT”.

HaykoBa HOBH3HAa oJep:KaHUX pe3yjbTamie. OCHOBHI pe3yJbTaTH, IO
CTaHOBJISITH HAYKOBY HOBH3HY Ta OTPMMAaHI y XO/I1 BUPIIIEHHS 3aBJaHb, TOCTaBICHUX
y IOCHIIKE€HHI1, MOJISITal0Th B HACTYITHOMY:

MPOBEJICHO aHaI3 apXITEKTypH TEJIEKOMYHIKAIIHHUX MEpeX IepHIuX MICT
CBITY, SIKI  BIPOBA/DKYIOTh  TEXHOJOTIIO  “pO3yMHUX  MICT’, MOOIIBHUX
TeJIEKOMYHIKAIIHHUX Mepex 3a TexHohriel 3G, 4G, 5G;

I[IpakTuyHe 3HAYEeHHsI OJep:KaHUX pe3yabTaTiB. CTBOpeHa MareMaTU4yHa
MOJCNTh 1H(POPMAIIHO-TEICKOMYHIKAIIMHOT Mepexi JJIsI TEXHOJIOTil ‘“pO3yMHOrO
MmicTa”;

CHUCTEMAaTHU30BaHO OCHOBHI BUMOTH J0 1H(GOpMAIIHHO-TEIEKOMYHIKAIIIHIX
MEpEeX JJI1 TEXHOJIOT1i pO3yMHOTO MiCTa.

Iy6aikamii. 3a Matepiasiamu KBanmiQikaiiHoi poOOTH MaricTpa omy0IiKOBaHO
TE3U JIONOBiIE HAa MDKHAPOJHIM CTYACHTCHKIA HAyKOBO-TEXHIYHIM KOHQEepeHIli
I [pupoaHuyYl Ta rymadiTapHi Hayku. AktyanpHl nutaHds, THTY im..LIlymros,
2018p.

Ctpykrypa poboru. PoboTa CKIafaeTbesi 3 pO3paxyHKOBO-MOSCHIOBAIBHOL
3anmucku. Po3paxyHKOBO-TIOSICHIOBaJIbHA 3alMCKa CKJIAIAEThCS 3 BCTYIy, 9 4acTuH,
BHCHOBKIB, TMEpeNiKy MOoCWiIaHb Ta JojaTkiB. OOciar poOOTH: poO3paxyHKOBO-
MOsICHIOBaJIbHA 3amucka — 122 apk. popmaty A4 Ta n07aTKiB.

OCHOBHU!M 3MICT POBOTH

Y nepmomy po3aiii Oyio mpoBefeHO MOCTiKeHHs Smart City: Meramosicu
MalOyTHBOTO.

Y apyromy po3aiji moka3zaHo JOCBiJ peaizallli MPOEKTIB KIacy «pO3yMHE
MICTO» Ha OCHOBI 1H(MOpPMAIIMHUX 1 TENEKOMYHIKAIMHUX  TEXHOJIOTIH.
[IpoekTyBaHHSI TEJIEKOMYHIKAIIHHOT IHPPACTPYKTYPU «PO3YMHHUX» TEPUTOPIaTbHUX
rpoMaj, MICT Ta PETiOHIB: CTaH, JOCBIJ Ta MEPCIEKTHWBH, 1HHOBAIlIHA KOHIICTIIis
«Po3ymHe MiCTO», MPOEKTHA AISUIBHICTh B a31aTChbKUX KpaiHaX, €BPONEHChKI MICTa B
npoektax «Po3ymMHe MicTO», peam3aiis NOpoekTiB «Po3ymHe MICTO» Ha
AMepUKaHCbKOMY KOHTUHEHT], METOI0JIOT1S] OLIHKU «PO3YMHUX MICT).

Y TperboMy po3aisi  HaeTbcs Npo  TEXHOJOri MOOUIBHOTO  3B'SI3KY.
[TopiBastHHa TexHojorid 5G, 4G, 3G, 0coO0aMBOCTI MEpeX M'SITOrO ITOKOJIIHHS,
ocobmuBocTi Mepexk 2020 poky 1 HACTyNMHHMX pOKIB, HaJaHHS BHCOKOSIKICHOTO
noctyny jgo mociayr MIIIIJ], 3abe3nedeHHs HAABUCOKOI MPOIYCKHOI 3AaTHOCTI
MepexXi, MIATPUMKA BEIMYE3HOI KIUIBKOCTI MamomnoTyxHux M2M mpuctpois,
3aCTOCYBAHHS MPOKCHUMAJIBHOTO 3B'SI3KYy, 3a0e3ledYeHHs] HaJHaAIMHOCTI 3B'A3KY,
3a0e3MeueHHs] eHeproeeKTUBHOCTI Ta CTIMKOCTI, OCBOEHHS HOBOI'O YaCTOTHOTO

CIEKTPY.



Y derBeproMy PpoO3ALI WAEThCS MPO MaTEeMaTHYHY MOJAEIb TEXHIYHOI
CTPYKTypH 1HGOPMAIIHHO-TEIEKOMYHIKAILIIHOT Mepexi.

Y m’saromy po3aiai crienialibHa YaCTMHA BUKOHAHO 3arajibHy XapaKTePUCTUKY
nporpaMHoro 3abesnedeHHs MatlLab, ocHoBH1 komanmu MatLab, peanizaiis
EKCIIEpUMEHTAJILHUX JIOCIIIKEeHb 3a nonomoroto MatLab, BUCHOBKHU 710 po3/ity 5.

Y mocromy po3aiji  OOTpyHTYBaHHSI  €KOHOMIYHOi  €(EeKTHBHOCTI
pO3paxoBaHoO, 110 TeMa HAYKOBUX JOCHIPKEHb Ma€ HAyKOBY, TEXHIYHY, a TaKOX
€KOHOMIUHY, COIllalbHy a00 €KOJIOTIYHYy 3HAa4Yyl[iCTh 1 CIpHUSE TUM CaMUM
3pOCTaHHIO TEMITIB HAYKOBO-TEXHIYHOTO MPOTPECY B IILIIOMY.

Y cboMOMY po3aiJli  €KoJoris TOJAaHO BIUIMB  E€JIEKTPOMArHITHOTO
BUIMIPOMIHIOBAaHHS Ha OpraHi3M JIIOJAMHH, 3aXOJIW 3axXUCTy aTMocdepu BiX
3a0pyTHEHb.

Y BocbMOMY po3/iJi MiABUILEHHS CTIHKOCTI 00’ €KTIB palOTEXHIYHOT Tamy3i y
BOECHHMU Yac.

Y aeB’siTOMy po3aijii 0XOpOHA Mpalll po3rJIIHYTI Taki MUTAHHS 5K, 3aBIaHHS
CTpaxyBaHHS BIJ HEUIACHOTO BHMAJKy, MPUHIMIIM Ta BUJIM CTPaxyBaHHS, KIJacu
BUPOOHMYUX Ta CKJIAJCHKUX MPUMIIIEHb MO BUOYXOBIA Ta MOXKEXHIM HeOe3mell,
BOTHECTIMKICTh OY/IBENbHUX KOHCTPYKIIA 1 MarepiaiaiB, OCHOBHI TEXHIYHI Ta
opraHizaimiiiHi 3axoau MOA0 NPOPUIAKTUKKA TpaBMaTU3My Ta MpodeciitHoi
3aXBOPIOBAHOCTI B rayy3i.

Y BHCHOBKax WIOJI0 AMIUIOMHOI pOOOTH OIMUCAHO NPUUHATI B MPOEKTI
TEXHIYH] PIIIEHHS 1 OpraHi3aliiHO-TEXHIYHI 3aX0AHM, SIKI 3a0€3Meuyl0Th BUKOHAHHS
3aBJaHHS HA MPOEKTYBAaHHS; OPUTIHAIbHI TEXHIUHI PIIEHHS, IPUUHATI aBTOPOM B
npoieci poOOTH; TEXHIYHI PIMIEHHS pPOOOTH, SIKI MOXYTb OyTH BHOPOBAKEHI Y
BUPOOHHUIITBO.

BUCHOBKU

[TpuitHATI B OUIUIOMHIM POOOTI HAyKOBI Ta I1HXKEHEPHI PIIIEHHS TO3BOJUIH
MPOBECTH aHAJI3 apXITEKTYpPH TEICKOMYHIKAIIHHUX MEPEeX MEePIIuX MICT CBITY, SIKi
BIIPOBA/DKYIOTh TEXHOJIOTIIO “pO3YMHHMX MICT’, MOOUIBHMX TEJIEKOMYHIKAIIIHIX
Mepex 3a TexHodriel 3G, 4G, 5G;

CTBOpEHA MaTeMaTH4HAa MOJIeNh 1H(OpPMAIIHO-TEICKOMYHIKAIIIHHOT Mepexi
JUISL TEXHOJIOT11 “po3yMHOI0 MicTa”,

CUCTEMATU30BAaHO OCHOBHI BHUMOTH JI0 1H(OpMAIHO-TEICKOMYHIKAIIHHUX
MepEeX NIl TEXHOJIOT1i pO3yMHOT0 MiCTa.

Po3paxyHku  eKOHOMIYHOiI  €()EeKTUBHOCTI  MIATBEPAWUIU  MNPABWIBHICTH
MPUIHATUX MPOEKTHUX PIMICHb 1 MOKAa3aiM, IO 3aBISKH BIPOBAIKEHHIO HOBOTO
TEXHOJIOTIYHOTO  TpOLEeCy 3HU3Wjacs coOIBapTICTh  JAeTalll, MOKPAIIUIIOCS
3aBAHTAXKECHHS JIeTalll, 3MEHIIUBCS OOCSIT KaliTalOBKJIAJICHb, a TAaKOX MOKPAIIUBCS
LUTANA PSAJT IHIIUX TEXHIKO-€KOHOMIYHUX TTOKa3HUKIB.

CIIMCOK OIIYBJIKOBAHUX ITPAIIb 3A TEMOIO POBOTHU
Huxonaimmu H.B. Mopepnizanis pamiopeneiinnx anten HBY mianazony /
Bep6osuii A., Hukomaimuu H./ 30ipHuk Te3 MixkHapoHOT CTYJIEHTCHKOI HayKOBO-
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TeXHI4YHOT1 KoH(pepeHuii ,,[Ipupoannyi Ta rymaHiTapHi Hayku. AKTyajabHI TUTaHHS,
26-27 xBiTHs 2018 poky. — T. : THTVY, 2018. — Tom 1. — C. 35. — (Indopmartiiini
TEXHOJIOT{)

AHOTAIUS

Hukomaimua H.B. Amnami3 TenekOMyHIKalIHHUX MEpeX 3a TEXHOJOTIE
“Smart city”. Ksamidikamiiina po6ota Marictpa, TepHOMIIbCHKUN HaIllOHAIBHUAN
TEXHIYHUM YHIBEpCUTET yHiBepcuTeT iMeHi [Bana Ilymros, Tepromins, 2018.

CyugacHi MicTa - COIIIONOJIICH 13 CKJIAJIHOIO 1HPPACTPYKTYPOIO, SIKY MOTPIOHO
edekTuBHO (HOPMYBATH, PO3BUBATH, MOACPHI30BYBATH Ta aJIallTOBYBaTH N0 MOTpPeO
rpomaau. OnHa 13 Halle()eKTUBHIIIMX KOHIEMIIN yIrpaBiiHHA - «P0o3yMHE MicTO»,
sgKa Tependayae peopraHizaiio BCiX cdep >KUTTEAUIBHOCTI MiCTa, IUIIXOM
CTBOPEHHS Ta 3allpoOBa/KEHHS CyYacHUX I1HQOpMAIIHHUX TeJIeKOMYHIKaIliHHUX
TEXHOJIOT1M, KOMYHIKAI[IHHO-1H)KEHEPHUX Ta TPAHCHOPTHUX MEPEeX, CUCTEM
KepyBaHHs HUMH, COOl-mieHTpiB. Ha ocHOBI 1i€i xoHmentii GpopmyroThest opTderti
MPOEKTIB KJacy «Po3yMHe MICTO» il KOXKHOTO OKpeMoro coiionosnicy. B xomi
peanizauii nependayaeTbCsi CTBOPEHHS €(QEKTUBHUX MEXaHI3MIB YIPaBJIiHHA,
IHTEJIEKTYyaJIbHUX CHCTEM 3 €JIEMEHTAaMU [IIaTHOCTUKHU, CEPBICY, KOHTPOJIIO,
OTpAIIOBaHHS CTATUCTUYHUX JAHUX, Oe3meku Ta KioepOe3rneku. 3HayHa KiIbKICTh
BEJIMKUX Ta MaJUX MICT CBITY 3aCTOCOBYIOTh JaHy I1HHOBAIIIO MJIA peajizaiii
MPOEKTIB, M0 3a0€3MeuyloTh iX PO3BUTOK 3 BIPOBADKEHHSIM I1HTEJICKTYabHUX
undpoBux iHGOPMAIIIITHO- TETEKOMYHIKAIITHUX MEpeX Ta TEeXHOJorid. Peamizaiito
MPOEKTIB Kiacy «Po3ymMHEe MICTO» MIATPUMYIOTH PO3BHUHYTI KpaiHU CBITY 3 METOIO
MIJIBUIIICHHS SKOCTI KHUTTS, €KOHOMIYHOT'O 3pPOCTAaHHS PErioHIB Ta ONTHMI3aIli
TEJIECKOMYHIKAIITHIX MEPEeXK.

KnrouoBi cmoBa: Smart City, po3ymMHe MICTO, TelIeKOMYHIKalliiiHa MepeKa,
IIMPOKOCMYTOBUI  3B’A30K,  1H(OpMaLIHHO-TEIEKOMYHIKA[IiHI ~ TEXHOJIOT],
MaTeMaTHYHa MO/IEb.

ANNOTATION

Nikolashin N.V. Analysis of telecommunication networks using "Smart city"
technology. Master's qualification work, Ternopil National Technical University lvan
Puluj University, Ternopil, 2018.

Modern cities are sociopolis with a complex infrastructure that needs to be
effectively shaped, developed, modernized and adapted to the needs of the
community. One of the most effective management concepts is "Intelligent City",
which envisages the reorganization of all spheres of life of the city, through the
creation and introduction of modern information telecommunication technologies,
communication engineering and transport networks, their management systems, cool
centers. On the basis of this concept portfolios of "Smart City" projects for each
individual sociopolis are formed. In the course of implementation it is planned to
create effective control mechanisms, intelligent systems with elements of diagnostics,
service, control, processing of statistical data, security and cybersecurity. A
significant number of large and small cities in the world use this innovation to
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implement projects that ensure their development with the introduction of intelligent
digital information and telecommunication networks and technologies. The
implementation of "Smart City" projects supports the developed countries of the
world in order to improve the quality of life, economic growth of regions and
optimize telecommunication networks.

Key words: smart city, cellular city, telecommunication network, width
communication, information and telecommunication technologies, mathematical
model.



