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The paper discusses the main approaches to modeling radio channels in the millimeter range. The handwidth in the mil-
limeter wavelength range is a significant part of the unused frequency spectrum from 30 to 300 GHz, which is an important
resource for future wireless communication systems. The development of technology in the millimeter wavelength range
is an important link in the development of 56 (and next generations), in mohile cellular communications, in the «Internet
of things» and other technologies. The development of mathematical models of radio systems in the millimeter wave-
length range is an ongoing process and is based on patterns that are distinguishable from modeling approaches in other
wavelength ranges. It is shown that to improve the models for the long-term development of future wireless systems in
the millimeter-wave range, especially for the mobile industry, new concepts of model development based on fundamental
physical approaches are needed. The analysis of the components of the energy budget of the radio link in the millimeter
range. For systems in the millimeter-wave range, characteristic effects of scattering, reflections, blocking probabhility is
high (low diffraction), media absorption, dependence of absorption on weather conditions and carrier frequency in the
millimeter range (presence of transparency windows and absorption peaks), molecular noise ahsorption. A multi-heam
model of a radio channel in the millimeter range is proposed, which takes into account the effects of molecular ahsorption
(re-radiation) in the atmosphere and the effects of signal reflection in urban areas. It is shown that solutions hased on
amplification due to diffraction and reflections can be used in designing millimeter-range mobhile systems for the urhan
scenario, which will significantly improve energy efficiency.
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Introduction
To solve the problems of increasing throughput, research is being conducted in fig. 1.
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Fig. 1. The main methods of increasing the capacity of telecommunication systems

In addition, the combination of these areas may further increase the capacity of telecommunications.
However, for the practical implementation of high bandwidth there are difficulties. For example, the avail-
able bandwidth is determined not only by the available spectrum, but also by the capacity of the equipment.

The bandwidth in the millimeter wavelength range (MMR) is a significant part of the unused frequency
spectrum from 30 to 300 GHz, which is an important resource for future wireless communication systems.
The frequency resource of MMR provides the use of a modulation bandwidth of several GHz, which is a so-
lution to increasing the data transfer rate in wireless communication systems. For example, when using a
bandwidth of more than 60 GHz, almost 100 Gbit/s has been achieved [1].

Phase distortions, non-linearity of the characteristics of a transceiver can, for example, limit the practi-
cal use of spectral-effective modulations on MMR carriers. Also, the propagation characteristics of MMR
waves differ from lower frequency bands. For systems in MMR, characteristic effects of scattering, re-
flection, blocking probability is high (low diffraction manifestation), absorption in media, dependence of
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absorption on weather conditions and on carrier frequency of MMR (presence of transparency windows and
absorption peaks), presence of molecular noise absorption, etc. However, modern directions for modeling
systems in MMR often do not take into account such physical features of the propagation and generation of
MMR signals.

Analysis of modern approaches to channel modeling in the millimeter range

There is a large number of research papers on the development of models of MMR channels. To charac-
terize the propagation of MMR signals, parameters such as attenuation, delay spread of signals, shading
(blocking) of signals and radiation directivity are used. From the analysis of the models given in [2], they
can be divided into the following types: LOS probabilistic models (LOS Probability) and models close to free
space loss models — CI model (Close-in Model). Various scenarios are also considered: micro cells and macro
cells for urban development, indoor loss models, rural models (RMa).

Probabilistic models are needed to predict the likelihood that a user (UE) is within line-of-sight (LOS) of a
base station (BS) or out of line of sight (NLOS) through the available interference (signal blocking objects).
In the case of LOS for MMR communications, a more reliable operation of the network is proposed compared
to the conditions of NLOS, given the large losses due to diffraction and absorption [2]. The LOS probability
is modeled as a function of distance in a two-dimensional 2D space and does not depend on the operating fre-
quency [3]. In [4], the LOS state is determined using a map, with only the position of the transmitting and
receiving antennas being considered to determine the path blocking.

Probabilistic models of UMi LOS include open (outdoors) areas with a high density of users, streets and
users in the premises. For models based on the Friis formula: the CI model, in which the signal power losses
are close to free space losses (English Close-in; CI) [4], the CIF model is close to the free space losses with a
frequency-dependent indicator [5] and the loss model Alpha-Beta-Gamma (ABG) [6].

The free-space loss (4nRc/ fc)2 value is used in the Friis equation in dB, free space losses are expressed as

PL,.=92,4 + 201g(f,) + 201g(R), (1)
where R — is the distance between the receiver RX and the transmitter TX, km; f, — is the carrier frequen-
cy, GHz.

With each doubling of the distance and with each doubling of the frequency, the losses in free space in-
crease by 6 dB.

The model of signal power loss in the CI channel takes into account the frequency dependence based on the
Friis formula, as given in [7], dB:

PLC(f,,dyp) = FSPL(f,) + 10nlog, (d,p) + x5, (2)

where XGCI — is the loss due to shading, which is modeled as a zero average Gaussian random variable with a
standard deviation in dB; n — is the path loss indicator, found by minimizing the errors from the measured
data to a value of 2; d,, > 1; FSPL(f,) — loss in free space at a distance of 1 m, dB:

. 9
FSPL(fc):2010g10[4nfc—10]:32,4+2010g10(fc). (3)
C

The CIF model is an extension of the CI model, where the losses are frequency-dependent. The CIF uses
two parameters to simulate average loss, dB:

PLC™(f.,d)=382,4+20log o (f.)+ 10n[1+b[fc;f0 D log o (d)+xS™, (4)

0
where n denotes the loss index; b — is the optimization parameter that describes the linear frequency de-
pendence of the path loss index on the average frequency f,, GHz, according to the data used to optimize the
model [8]. The CIF model returns to the CI model when b = 0 for several frequencies or when f,=f,.

The ABG model uses three parameters for optimization [8], dB:

PLABG (f ,d) = 100log, (d) + B + 10vlog, (f,) + X AEC, (5)

where the parameters o,  and y are determined by finding the best fit value between the model and the
measured data, f, measured in GHz.

Almost all modern approaches are based on the basic basis of channel models that have been developed for
low-frequency technologies and the results of calculations show significant differences in these models [2;
8]. As pointed out in [1] Rappoport T., the motivation for modeling channels in MMR often includes ensur-
ing the work of improving the inherited approaches and software at lower frequencies, and therefore new
approaches are needed for a fundamental understanding of the propagation of MMR waves in order to de-
velop correct models. Simulation of the channel for 5G+ is an ongoing process, besides other applications are
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proposed for 5G+ telecommunications systems and subsequent generations [9] such as sensor networks, se-
curity systems, radar, peer-to-peer communications (P2P), machine-to-machine communication (M2M) and
other special applications that can be implemented on the basis of the unique properties of MMR waves. Such
applications may further complicate the design, calculation and methods for improving the efficiency of
telecommunications systems. The development of correct models in MMR is important both for increasing
the productivity and efficiency of telecommunication systems, and for mastering higher frequency ranges
above 100 GHz to terahertz. Solutions based on physical fundamental approaches to channel modeling in
MMR, the use of hybrid technologies can contribute to a more efficient use of the spectral resource and per-
formance of telecommunication systems.

Approaches to channel modeling based on physical aspects
Models for calculating signal loss required for accurate design, comparing radio interfaces and system
deployment. Basic approaches to modeling wireless channels based on the physical effects of MMR propaga-
tion are shown in fig. 2.
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Fig. 2. Physical effects of the propagation of millimeter waves in a radio channel

In the case of directional MMR communication, it is also necessary to take into account for modeling a
multipath propagation channel structure, which can be characterized by both LOS components and reflected
and diffracted components, which will combine a limited number of multipath components and characteris-
tics of the transmitting and receiving antennas. Such approaches in modeling an MMR channel can poten-
tially reduce interference between multipath components, as well as lead to the capture of a limited number
of multipath components.

If there are diffusers, several propagation paths can be observed, which are radiated by the antenna in
different directions and enter the receiving antenna from different sides. In this case, calculations will be
performed for each individual path, but when calculating the total received power, it is necessary to coher-
ently add fields through separate paths that take into account antenna gains in different directions.

The overall budget of the millimeter-wave channel is formed by the contribution of the rays that enters the
receiving antenna. As a result, the signal arriving at the receiving antenna incurs losses due to such factors:

1) the divergence of radiation in the atmosphere in the line of sight;

2) extinction in the atmosphere for different hydrometeors depending on the wavelength;

3) by extinction in the line of sight due to passage through various materials (objects) (shadow factor).

Signal gain due to:

1) superposition of fields in the reflection (scattering) of radiation;

2) superposition of wave fields due to diffraction on elements of urban development;

3) narrowly directed radiation of the transmitting antenna;

4) the effective area of the receiving antenna.

For urban development, it is assumed that in MMR the range of the combs will be about 100 m and the
area of the user's receiving antenna may not exceed 10 cm?2, therefore the average gain can be expressed as
the sum of four types of beams:

1) the rays that make only reflections (four reflections that make a significant contribution to the signal)
on the walls of the building;

2) rays, diffracts once in the corners of the construction with reflection before or after diffraction;

3) rays that diffract twice on building angles, with or without multiple reflections;

4) rays that have passed through interference with partial absorption without reflections and diffraction,
which introduce a small power contribution to the received signal (defined as the shadow factor).

3B’A30K, Ne 6, 2019 26 ISSN 2412-9070



Mpo6nemu po3BUTKY Ta BAOCKOHUNEHHS
CNI0BO HAYKOBUA €AMHOI HaLIOHANIBHOI CUCTEMM 3B I3KY

==_"=27)

The overall gain of the channel (in case of neglecting the polarization conversion) is the result of amplifi-
cation for each beam, depending on the transmission conditions, namely, reflection (the first component of
the product), transmission (second component) and diffraction amplification (the third component):

|D el] |

Frx =DTX(a)ARX » Hp ( mi | H 0, | H , (6)

Prx 4nr? 7 m
where p,,, p > 1 — the coefficients that determine the excess path of the rays during reflection and diffrac-
tion; p(0) — the probability of an appropriate process for certain conditions; I', T, D — are the reflection,
transmission and diffraction coefficients, respectively.
Due to the narrow directivity of the radiation of the MMR antennas and the short transmission distance
(for mobile systems), m, n and [ must perceive certain values depending on the geometry of the building.

|r

The effect of molecular absorption noise on the power of the radio channel in the millimeter range

The results of studies [10] have confirmed that at small distances (less than 1 km) attenuation in the rain
will have a minimal effect on the propagation of MMR waves at frequencies from 28 GHz to 38 GHz, and also
that for cell sizes of about 200 m, atmospheric absorption of MMR does not creates significant additional
losses.

In works [11], the emissivity of the medium in which radio waves of MMR and terahertz (0,1...1 THz)
propagate is considered as a source of noise.

In approximation to the Bouguer-Lambert-Beer law, the molecular absorption noise power can be written:

Ny (fc,d)=PTx%(1—e‘W’d), (7)

where Y(f) — generalized absorption coefficient of the medium, the value of which can be found, for exam-
ple, from the HITRAN database.

In fig. 3. the results of mathematical modeling of 25
molecular absorption noise are presented (according
to formula (7)).

Electromagnetic radiation, which is absorbed by
molecules in the medium, as shown in [11], is re-
emitted out of phase at approximately the same fre-
quencies of the radiation that was absorbed. Howev-
er, it was shown in [12] that absorption of terahertz
radiation by water vapor molecules introduces color
noise. At the moment, the nature of the molecule ab- S
sorption noise is still under study. It is possible that 0 02 04 06 08 1

lb=6m

the basis of absorption/radiation is a combination of 7 (absorption coefficient)

various phySical phenomena’ for example’ stimulat- Fig. 3. The calculated values of the signal-to-noise ratio
ed, spontaneous, repeated radiation. The authors of of molecular absorption as a function of the absorption
the articles [11] suggest that molecular noise absorp- coefficient (absorption) y for different distances [,

tion is the main factor determining the SIR ratio for from the transmitter to the receiver

terahertz transparency windows. The time characteristics (properties) of absorption/radiation ultimately
determine the amount of energy received by the receiver. Therefore, for the terahertz range, pulsed modula-
tion and coding information methods are proposed [12].

Conclusion

Channel simulation for 5G is a continuing process, and new concepts for the development of radio wave
propagation models in MMR are needed, based on fundamental physical approaches. The development of
correct propagation models is vital for the long-term development of future MMR wireless systems, espe-
cially for the mobile industry in MMR, which is only now being developed, and for the possibility of further
expanding radio bands and increasing bandwidth.

From the analysis of the components of the energy budget of the radio link in the millimeter range, it fol-
lows that it is necessary to take into account the effects of molecular absorption (re-radiation) in the atmos-
phere and the effects of signal reflection in urban areas in models of coverage.

Solutions based on amplification due to diffraction and reflections can be used in the design of mobile
millimeter-wave systems for the urban scenario, which will significantly improve energy efficiency.
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A. A. KpemereLbka
niAXoAN 10 MOJENHBAHHA KAHAJIIB Y MUJIIMETPOBOMY [IANA30HI 19 CUCTEM MOBIJIbHOTO 3B’A3KY

PoarngHyTo ocHoBHI nigxoqv [0 MOQENoBaHHS pajiokaHanis y MiniMeTpoBomy nianasoHi. LLnpuHa cmyrv B miniveTpoBomy nia-
Na30Hi [JOBXWH XBUMb CTAHOBUTb 3HAYHY 4aCTUHY HEBMKOPUCTAaHOro yacToTHoro cnektpa Big 30 go 300 [Ty, skwi e Baxmsum pe-
Ccypcom nsi MaibyTHiX cucTem 6e3npoBO[oBOro 38'93ky. Po3BUTOK TEXHOOrIA y MiniMeTpoBOMY [iana3oHi JOBXWH XBAMb € BaXIn-
BOW /18HKOIO BripoBagxeHHs BG (i HACTynHUX NoKoniHe) y MOBINbHWIA CTiNbHUKOBUIA 3B'S30K, B «IHTEPHET pe4er» Ta IHLLi TeXHOOTTl.
Po3po6ka maTemaTnqHux Mofenes pagiocucTeM y [ianasoHi MiniMeTpoBux XBuib SBISIE COGOI0 TPUBANE [OCITIKEHHS i rpYHTYEThCS
Ha NpuHLMNEX, L0 BifPI3HAWTLCS Bif NIAX0AiB MOQENOBAHHSA B IHLUMX [iana3oHax [OBXwH XBusb. [10Ka3aHo, 10 7S BAOCKOHA-
JIEHHSI MOfeEnen y [OBrocTPOKOBOMY PO3BUTKY MabyTHIX 6e3npoBOLOBMX CUCTEM Y MIMMETPOBOMY Aiana3oHi, 0co6/mBo s Mo-
GinbHOI iHAYCTPIi HEoBXIAHI HOBI KOHLenLii po3po6Ky Mofened, 3acHoBaHi Ha (hyHAaMeHTarbHuX hianynnx nigxogax. [poBeneHo aHa-
J1i3 CKNafoBuX eHepreTyHoro GHomMKeTy pagioniHii B MiniMeTpoBoMy giana3oHi. [loka3aHo, wjo [4iig cuCTeM Y [iana3oHi MiniMeTpoBux
XBUTb XapaKTepHi ehekTv po3ciloBaHHs, BigoGpaxeHb, iMOBIPHOCTI 6r10KyBaHHS BUCOKI (HW3bKa Awgpakyisl, MormvHaHHS cepeno-
BUILIA, 3ANEXHICTb MOrMMHAHHS Bifj NOrogHMX YMOB i HOCIAHOI 4acTOTV B MINIMETPOBOMY fiana3oHi (HasBHICTL BIKOH mpo3opocTi i ni-
KiB MOrMHEHHS), LLYM MOSIEKY/ISPHOMO NOrMHAaHHS. 3anpornoHoBaHo GaraTonpoMeHeBy MOAesb PapjiokaHany B MiniMeTpoBoMy giana-
30Hi, $IKa BPaxoBYE BB MOJIEKYIISPHOTO NOMMHaKHS (nepeBunpoMiHioBaHHs) B atmocghepi Ta eqiekTV BigobpaxeHHs CurHarny B
Micbkux ymoBax. [loka3aHo, 110 BUPILLIEHHS, 38CHOBAHI HA MIfCUNIEHHI 38 PaXYHOK AUGhPaKLii Ta BiqoGpaxeHb, MOXYTb GyTv BUKOPUCTAHI
Y NpoLeci po3po6Kku MOGINbHMX CUCTEM MINIMETPOBOro f[iana3oHy /i MICbKOr0 CUEHapIt, L0 3HaYHO MigBULUNTL EHEpProeqheKTUBHICT.

Kniouogi cnoea: minimeTpoBuit aiana3oH; MoGinbHWIA 3B'930K; BTPATW B KaHani; MOAENb pajiokaHary.

. A. Kpemereukas
noaxoAbl K MOAENVNPOBAHNIO KAHAJIOB B MWJIJINMETPOBOM AWAMNA3OHE
A1 CUCTEM MOBUbHOIA CBA3N
PaccmoTpeHb! 0CHOBHbIE MOAX0/bl K MOLESMPOBAHMIO DAAVOKAHAN0B B MUITIMMETPOBOM anana3oHe. LLnpuHa nonock! B Mynmme-
TPOBOM [Mana3oHe [7MH BOSH COCTABISET 3HAYNTENbHYIO YACTh HEUCTOb30BaHHO0 4acToTHoro cnektpa ot 30 go 300 [Ty, koTopbi
ABNIAETCS BAXHbIM PECYDCOM [115 ByayLmX CACTEM 6ECNPOBOAHOM CBA3N. Pas3BuTve TeXHOMOMA B MUMIMMETPOBOM A1ana3oHe [IivH BOH
SBIIAETCS BAXHbIM 3BEHOM BO BHeApeHm 5G (1 nocregylolmx nokoneHniil B MoGUTbHYIO COTOBYIO CBS3b, B VIHTEPHET BeLLed u apyrve
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TEXHO/0rV. Pa3paboTka MaTemaTnyeckux Mofenes panuocicTeM B Quana3oHe MUTIMMETPOBbIX BOSIH NPEACTABSET co60y npogosxa-
IoLeecs NCCenoBaHne M OCHOBAHE Ha NPUHLMNEX, KOTOPbIE OT/IAYal0TCS OT MOAX0[0B MOAESMPOBEHNS B APYrvX ANanasoHax [/ivH BOJH.
[MokasaHo, 4T0 4519 COBEPLUEHCTBOBAHNS MOLENEV B 4OSTOCPOYHOM PasBuTim Byaylymx 6ecrpoBOAHbLIX CUCTEM B MUIIMMETPOBOM [na-
n1a30He, 0CO6EHHO [N1F MOBUTILHON MHEYCTPIN, HEOBXO[VMMb! HOBbIE KOHLEMNLMM Pa3paboTky MOZENEeN, 0CHOBAHHbIE Ha (DYHOAMEHTalbHbIX
huandecknx nogxogax. [poBeneH aHanm3 cocTaBnSOLMX 3HEPTETUYECKOro GIOMXEeTa paguosnnH B MATTTUMETPOBOM auana3oHe. [loka-
38H0, YTO [/151 CUCTEM B [ManasoHe MUITTMETPOBbIX BOJTH XapaKTepHb! 3h(eKTbI PACCESHIS, OTPEXEHNNA, BEPOSTHOCTY BII0KMPOBKY Bhbl-
CoKV (HU3Kas anepakLms), NOrMoLeHNs CPE/bI, 3aBUCUMOCTY MOMTIOLLEHNS OT NMOTOHbIX YC0BUI U HECYLLEN YACTOTbI B MUAMIMMETDOBOM
[Mana3oHe (Ham4ue oKoH MPO3pa1YHOCTY M MYKOB MOMTIOLLEHNS] , LyM MOJIEKYISPHO0 normnoLyenHs. [pennoxeqa MHOrosy4eBas MoAesb
DaavoKaHana B MUIMMETPOBOM [MAanasoHe, KOTopas y4UTbIBAET BIUSHUE MOSEKYNISPHOro nornowenns (nepenanyyenvs) B aTMocghepe
1 3hheKTbl OTPAXEHMS CUrHana B ropofckux ycrosusix. [oKka3aHo, 4T0 PeLeHns!, OCHOBAHHbIE HA YCUNEHA 38 CYET QUpakLyum v oT-
DaXEHWA, MOryT BbITb UCI0SIb30BaHb! NPy Pa3paboTke MOBUITbHBIX CUCTEM MUIIMMETPOBOIO AVanasoHa Ans ropo[CcKoro CLUeHapus, 4to

3HEYUTESTbHO MOBbICUT 3HEPrO3(PHEKTUBHOCTD.

Kniouessie cnoea: MUIIIMMETPOBBIV AWanasoH; MoburbHas CBA3b; NMOTEPU B KaHane; MOLESb pagvokaHana.
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CYYACHWI CTAH MEPEXI MOBIJIbHOIO IHTEPHETY B YKPAIHI

KoBoro noKkpurTa Yxpainn mepexeto 46.

Po3rnanyto ctan mepexi mobinsHoro inTeprety B Ykpaini. OcHOBHY yBary npuAineHo nopisHAHHIO WBHAKOCTI NigiMKHEH-
HA Ta WinbHOCTi NOKPHTTA B YKPaiHi 3i CBITOBHMM Nigepamy Ta BHOKpeMIEHO OCHOBHI 3406yTi pe3ynbTaTh TaKoro 3ictas-
nenns. Takow HaBefeHo NOpiBHAHHA WBHAKOCTEH MOGINbHOro NigiMKHEHHS ANA TPbOX HaKGINbLWHK MOGINbLHUK onepaTopis
Ykpainn: Knigcrap, Vodafone ta lifecell, ax 3 ypaxysanuam 26/36 mepex 1a okpeno 46 mepei. 3anponoHoBano cTaTHCTHKY
Buxopuctanna 46 mepexi abonentamu gawux oneparopis. CgropmynboBano ocHoshi npobnemu craosnenns 100-sigcot-

Kniouosi cnoea: 4G; 3G; lifecell; Vodafone; Kuisctap; SpeedTest by Ookla; MoGinbHui1 iHTepHET.

BCTYII

ITocranoBKa mpoGaemMu. Y Ccyd4acHOMY CBiTi Mo-
O0iTbHUI iIHTEPHET CTaB BasKJIUBOIO UACTUHOIO JKUTTS
O1JIBIIIOCTI JIfOMEl, II[0 3YMOBJIEHO IIOMYJISAPU3AI[i€I0
CoIliaIbHUX Mepe’k Ta MacOBOIO raJKeTUs3alli€lo Ha-
cenennd. llIBugkwmii i gocTynuuii MOOLIBHUN iHTEpP-
HET CTaB OAHUM i3 OCHOBHUX IIPiOPUTETIB PO3BUTKY
MOOiJIbHUX TpoBaiifiepiB B Ykpaiui. 3anyck y 2018
pori mepe:ki 4G BiZKPUB HOBi MOYKJIWBOCTI MJIsT BU-
KopuctaHHsa IT-TexHoJOriM AK AJiA MepeciuHUX KO-
pucTyBauiB, TaK i AJA MaJIOTO Ta cepeHbOTOo OidHECY.
Bapro 3asHaumnTH, 1110 TOJIOBHOIO METOO BIIPOBAIKEH-
HA TexHoJoTii 4G B YKpaiHi OyJio He Jinille OTPUMAaH-
HS HOBUX INTBUAKOCTEI, OCKiNTbKYU 3G TTOKPUTTA BiKe
JIO3BOJISJIO MaTHU IMBUIKiCTH iHTepHeTy B Me:kax 20
M6it/c, 1m0 JaBajo 3MOTY IIiIKOM KOMMOPTHO IIpa-
IIOBATU 3 OYAb-AKUMHU TOMYJAPHUMU cepBicaMm —
BiJ meperiany oHJIANH-Bieo, OHJIAMH-TPAHCISAIIIN 10
OHJAWH-irop i 3aBaHTa'KeHHA 00’€MHOTO KOHTEHTY.
Mertoro Takoro 3amycky 0yso 3abesmneueHHs cTabiib-
HOTI'0O CepBicy i IMUPOKOTO MOKPUTTS, OCKIIBKY YaCTO-
™1 3G iHTepHEeTY He CIIPABJIAJINCS 3 HABAHTAKEHHAM
ab0OHEeHTiB HA YKPaiHChbKOMY PUHKY. 3i 3pOCTaHHAM
KiJIBKOCTI BUKOPUCTOBYBAHUX TaJ»KeTiB i3 migTpu-
MaHHAM MOOiJIBHOrO iHTEpHeTy IiepeJ MOOiJIbHUMU
omepaTtopamMu YKpaiHM IIOCTAJI0O IUTAHHA BIIPOBA-
MKeHHsI HOBUX TEXHOJIOTi#l MoOiJiLbHOro iHTepHery,
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a TAaKOXK POSIIMPEHHS MOKPUTTA HAABHUX MEPEK.
AXTyanbHICT, maHOI cTaTTi — OIJIAA Cy4YacHOTO
cTaHy MOOLIBPHMX Mepesk B YKpaiHi Ta BU3HAUEHHS
OCHOBHUX IIpo0JieM 1100 BirpoBamxenus 100-sigcor-
KOBOT'O MOKPUTTA TepuTOpil YKpaiHu IMIBUAKiCHUM
iHTEpHETOM.

AHaxi3 OCHOBHHMX OCTiIKeHb i myomikaiiii. [Ipo6-
JeMaM YIIPOBaKeHHS MINPOKOr0o MOKPUTTSA MOOiIb-
HUM iHTepHeTOM B YKpaiHi ocTaHHIMU poKamu 6yJiO
MIPUCBAYEHO 0araTo HayKOBUX IIpallb, cepel SAKUX,
30KpeMa, MOKHa BUOKPEMUTHU POOOTH TAKUX aBTOPiB,
ak Jlazopeuko JI. B., ITamounmun 0. M., Tkau A.,
Ouainiauk B. M., fAnenxo B. B.

Oz2na0 nokpumma ma weudrocmi
MO0GinbHUX Mepedc 6 YKPAiHi

3araJbHUI CTaH MIBUIKOCTI MOOiILHOTO iHTEPHETY
B YKpaiui sriguo 3i craructukomo SpeedTest by Ookla
cTaHoM Ha KoBTeHb 2019 pory momamno Ha puc. 1.

Ha nopiBHAHHSA CBITOBHH iHIEKC IIBUAKOCTI iH-
TepHeTy Ta iHJeKcH NPOBIZHWX KpalH HaBeJeHO Ha
puc. 2.

Ax 6aunmo, MBUAKiCTh MOOGIJILHOTO iHTEPHETY B
VYxkpaini Ha 27% HuU:KYa 3a cBiTOBY i B 4,4 pasu MeHIIIa
BiJl MIBUAKOCTI iHTEepHETY KpaiHu, sKa Iocizae mep-
e Micie. OCHOBHOIO IPUUYMHOIO TAKOTO TIOKA3HUKA B
IMIBUAKOCTI iHTepHETY € BiIHOCHO HU3BKUI BiJICOTOK
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