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Abstract. This paper presents a comparative analysis of five radio wave
propagation models commonly used for predicting mobile network coverage. The
simulations were performed in a unified environment using RadioPlanner 3.0 for an
urban area of Almaty under identical initial parameters. The comparison was carried out
based on coverage maps and the metrics RSRP, reliable service radius, and the impact of
terrain and building density. The results indicate that the Okumura-Hata model provides a
symmetrical «average» coverage and generally overestimates the service radius in urban
environments. The ITU-R P.1546 model delivers a balanced prediction that accounts
for antenna height and terrain, making it suitable for rapid preliminary assessments.
The Longley-Rice model produces a more physically realistic representation with
local shadowing and diffraction zones, although it may slightly overestimate range at
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higher frequencies. The ITU-R P1812-6 model offers the highest level of detail and
accuracy under dense urban conditions, The 3GPP TR 38.901 model accurately reflects
radio channel statistics and UMa/UMi scenarios, making it valuable for MIMO and
beamforming analysis, though it is less precise in describing terrain-related effects.

Keywords: 4G LTE, 5G NR, radio planning, propagation models, Okumura-
Hata, Longley-Rice, ITU-R P.1546- 6, ITU-R P.1812-6, 3GPP TR 38.901, RSRP, urban
environment
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AHHOTauusl. byn wmakamaga MOOWIBII JKETiHIH KaMTyblH OoJbKay YIIiH
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yCcoIHBUTFAH. Mogenbaey AnMaTel Kamaiblk aimarel  ymiH RadioPlanner 3.0
OarmapiamManiblK OpTachiHAa Oipeil OacTanmkel MapaMeTpiepAl KOJIJaHa OTBIPHII
xypriziai. CansicTeIpy KamMTy KapTaiapsl MeH RSRP merpukacbiHa, ceHiMAI KbI3MET
KOpCeTy ayKbIMBIHA JKOHE Kep Oelepi MEH FUMapaTTapAblH JCEpiHE HETi3/IeNreH.
Hotmwxkenep Okymypa-XaTa MOJeNi CHMMETPHSIIBI «OPTAlIay KaMTYIbl KaMTaMachl3
eTETIHIH JKOHE OJNeTTe KAIalbIK J>KepJepie AWama3oHbl acblpa OaralalThIHBIH
kepcetTi. ITU-R P.1546 moneni anTeHHa OWIKTIrT MeH Xep OeaepiH ecKepe OTHIPHII,
TEHIECTIpiareH OoJrKaM Kacalapl, OYJI OHBI aJ/IBIH alla KbUIIAM Oarayiayra Kapamibl
ereni. Longley—Rice wmopmeni KeprijikTi KeJEHKEeIEepMEH KoHE IU(PAKIMSIBIK
aiiMakTapMeH (U3MKAIBIK TYPFBIJAH IIBIHAMBI KOPIHICTI KaJIBINTACTBHIPAAbl, Oipak
JKOFaphl JKUUTIKTEp/IE OJI IUama3oHIbl cal acblpa Oaramaysl MymkiH. ITU-R P.1812-
6 THIFBI3 KOHBICTAHFAH ayJaHIapla €H YJIKEH eMKEeH-TEerKEHITUNK TeH NIKTI
kamrtamachi3 ereqi. 3GPP TR 38.901 moneni paguoapHa cTaTUCTUKACHIH koHe UMa/
UMIi cuenapwuitnepin 1o kepceeteni skone MIMO/coyre Ty3y1i Tanaay YIiliH naiaasl,
Oipak KePTriTiKTi )KEepAIH dcepIepiH OHIIA 19 CUITaTTaMai/Ibl.

Tyiiin ce3nep: 4G LTE, 5G NR, panuo xocnapiay, Tapairy Moaenbaepi, Oky-
mypa—Xara, Jlonrmu—Paiic, ITU-R P.1546-6, ITU-R P.1812-6, 3GPP TR 38.901, RSRP,
KaJIAJIBIK aliMaKTap
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AHHOTanusi. B paboTe mpoBeACH CpaBHUTENBHBIA aHANM3 IATH MOJAETCH
pacmpocTpaHeHHsI PaJlMOBOJIH, UCIIOJIB3YEMBIX Il POTHO3UPOBAHMUS TIOKPBITUS CETEH
MOOMITBHOU CBsI3H. MolenrpoBaHUE OCYIIECTBISIOCh B UHONW MIPOTPaMMHOM cpejie
RadioPlanner 3.0 m1st ropoACcKON TeppUTOPHH T. AJIMATBI C OIMHAKOBBIMHU UCXOIHBIMH
napamerpamu. CpaBHEHHE MPOBOIWIOCH MO KapTaMm MOKpbITUA U MmeTpukaM RSRP,
paznycy YBEPEHHOTO OOCIYKMBAaHUSI M CTEIEHH BIMSHUS peibeda MECTHOCTH
U 3acTpoiiku. Pe3ymbraThl mokazamu, uro moxaenb Okumura—Hata oGecmeumBaer
«YCPEIHEHHOE» TOKPBITHE W, KaK MPaBWJIO, 3aBBIIIAET PAINyC B TOPOJCKOW Cpene.
Mopens ITU-R P.1546 naer cOamaHCHpOBAHHBIN MPOTHO3 C YYETOM BBICOT aHTEHH U
penbeda, 9To AeNaeT ee MOAXOMASIIEH Uit OBICTPOH MpeaBapUTEIbHON OIeHKH. Mo-
nens Longley—Rice ¢popmupyer 6onee puznyecku pealucTHUHYIO KapTHHY C JIOKaJb-
HBIMU TEHAMHU U JU(PAKIMOHHBIMH 30HAMH, OJHAKO HA BBICOKHX YaCTOTaX MOXKET
HE3HAYUTENhHO 3aBbImaTh AanbHOCTh. ITU-R P.1812-6 obecrneunBaeT HanOOIBIIYIO
JIETaTLHOCTh U TOYHOCTh B YCIOBUSX TUIOTHOM 3acTpoiiku. Monens 3GPP TR 38.901
KOPPEKTHO OTPa)KaeT CTATHCTUKY panuokaHaia u cueHapun UMa/UMi, nosnesHa s
anamu3za MIMO, beamforming, HO MeHee TOYHO ONHUCHIBAET JIOKATbHBIE S((HEKTHI
penbeda.

Kurouesbie cioBa: 4G LTE, 5G NR, paauorianupoBaHue, MOJIENH PacIpo-
crpanenus, Okumura—Hata, Longley—Rice, ITU-R P.1546-6, ITU-R P.1812-6, 3GPP
TR 38.901, RSRP, roposckast 3acTpoiika

Jas nmrupoBanms: A.E. KynakaeBa, E.A. baxtusposa, I'.'T. J[>xakaHoga,
L. HypcynTan (2026). CpaBHUTETBHBIN aHAIN3 PA3JIMUHBIX MOJIEJICH paclpoOCTpaHEHUS
paZvMOBONH JUIi NIPOTHO3HPOBAHMS  TOKPBITUS  CeTe  MOOWMIBHOM  CBSI3W//
Mesx1yHapOaHbIH KypHall HH(POPMAIIMOHHBIX U KOMMYHUKAITMOHHBIX TEXHOJIOTHA. T.
7. No. 25. Ctp. 231-246. https://doi.org/10.54309/1JICT.2026.25.1.014. (Ha pycc.).

KondaukT nHTEpecoB: aBTOPHI 3asBISAIOT 00 OTCYTCTBUHM KOH(IIMKTA HHTEpE-
COB.

Beenenue.

Pa3BuTHE COBpPEMEHHBIX TEJICKOMMYHUKAIIMOHHBIX TEXHOJOTUH W OBICTpOE
BHEJpEHUE ceTel maroro mokojeHus (5G) NpeabsBISIOT BBICOKHUE TPEOOBAHUS
K TOYHOCTH PaJUOIUIAHUPOBAHHUS W TPOTHO3HPOBAHWS IMOKPBITHsA. KadecTBo
oOCy)XKUBaHUSI TOJIb3oBaTenell, 3(PQPEKTUBHOCTh pa3MEIICHUs 0a30BBIX CTAHIIHA
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U pPAalMOHAIBHOE MCIOJIb30BAaHUE YACTOTHOTO pecypca HaNpsSMYyI 3aBUCUT OT
MPaBUIIBHOTO BEIOOPA MOJIENIN PACTIPOCTPAHEHUS PaIMOBOJIH. B yCIOBUSAX TUIOTHOM TO-
POZCKOI 3aCTPONKHU paJMOBOIHBI MOABEPIKEHBI CIOKHBIM MHOTOJTYYeBBIM 3 dekram,
T(paKIIuK, OTPAKEHUSAM U 3aTyXaHHIM, YTO 3HAUUTEIHFHO YCIOKHAET 3a/1a4y pacueTa
PaIMOTIOKPBITHS U TPeOYeT HCIOJIb30BAaHUs aJeKBATHBIX MOJEJCH, YYUTHIBAIOIINX
peayibHbIe PU3NIECCKUE TTPOIICCCHI.

To4YHOCTh NMPOTHO3UPOBAHUS PAJAUONOKPHITHS 3aBUCUT OT TOIO, HACKOJBKO
MIPaBWJIbHO MOJIENM YYMUTHIBAIOT pEAJIbHbIE YCJIOBHUS PACHpPOCTPAHEHUS CUTHAJA.
HccnenoBanus mokasaid, YTO HTHOPHPOBAHHWE HEPOBHOCTEH penbeda MPUBOIUT K
UCKQKEHUIO PACYETOB, OCOOCHHO MPU UCIOJIb30BAHUU KOMMEPYECKUX HMHCTPYMEHTOB
panuoIIaHUPOBAaHUS. DKCIIEPUMEHTHI OATBEPAMIN, 4TO (popMa penbeda BIUSET Ha
ypoBeHb 3aTyxaHus B auanazone 900 MI'm—24 I'T1, 9To genaeT HEOOXOAUMBIM Y4YEeT
3THX (aKTOPOB MpH KAIUOpoBKe Mozaenei st cucteM SG u 6G (Soo u ap., 2025).

Omnupuueckue moaenu Cl u ABG octaroTcsi OCHOBHBIMU UHCTPYMEHTAMHU IS
OLIEHKH IOTEPh Ha MyTH PaclpOCTPAHEHUS paAHMOCUTHAIOB. VX TOYHOCTH 3aBUCHUT OT
4acTOThl U OKpy»karomiel cpeasl. [Ipym Hu3kux yacrorax myumie padoraer Cl, a mpu
BBICOKHX YacToTax crabuibpHee nposBisteT cedst ABG (Erunkulu u ap., 2024).

B psine uccrnenoBaHuii npeasararoTcs METOAbl ONTHUMM3AIUHN CYLIECTBYIOIINX
Mozeneil. Hanpumep, ucnosp30BaHue TeHETUYECKOTO aJITOPUTMA [TO3BOJIMIIO COKPATUTh
CpeIHEKBAIpAaTHUHYIO OIMOKY pacueroB Oosiee yeM Ha 90 %, 4TO MOATBEpIKAACT
3G HEKTUBHOCTH IBOJIOIMOHHBIX TOAXOJI0B B MPOSCKTUPOBAHUU TE€TEPOTCHHBIX CETEH
5G (Anwar Faiz u np., 2024).

[TepcrieKTHBHBIM HAIpaBlICHUEM SIBISIETCS pa3paboTKa THOPHIHBIX MOJETCH,
KOTOpBbIE OOBEAUHAIOT (PU3MUECKUE MPUHLIUIBI M MalIMHHOE o0y4yeHnue. [Ipumenenue
Merona riaBHbIX KOMIOHEHT (PCA) M moaMHOMHaIbHOW pPErpeccHuu MO3BOJIMIO
CHU3UTH CTaHAPTHOE OTKJIOHEHHE OITMOKY MporHo3a Ha 3,3—6,1 nb, uto noareepxaaet
MOTEHILIMAJ UCKYCCTBEHHOTO MHTEJUIEKTA B paauoIuianupoBanu (Juang, 2022).

O030p TEKyIIMX MCCIETOBAHUIN YKA3bIBAIOT Ha TO, YTO pa3BUTHE MOJENeEi 1mo-
TEphb IyTH JBHIKETCS B CTOPOHY MHTEJUIEKTYyaJIbHBIX U THOPUIHBIX OJXO0/0B, BKJIIOYAs
HCIIOJIb30BAaHUE TEPAreplioBOro JUarna3oHa U TEXHOJIOTUH OTPaKaroIIUX MOBEPXHOCTEN
(Wang u np., 2023).

JUIs MHJUTUMETPOBBIX BOJIH OCOOCHHO Ba)KHBI MICCIICIOBAHMS, YUUTHIBAIOIINE
KIUMaT, penbed M MaTepualibl 3JaHuid. B yacTHOCTH, MoAenupoBaHue B 4 ropojax
Hurepun (28—73 I'T'u) mokasaino, uro moaenb ABG oOecriednBaeT HaWBBICHIYIO TOY-
HOCTb, XOTS pE3yJIBTaThl BAPUPYETCS B 3aBUCUIMOCTH OT reorpadun u yactotsl (Afape
u ap., 2024).

Krnaccuaeckne smmupudeckue mojaenu, takue kak Okumura—Hata (Hata u ap.,
2013), 3apexoMeHI0BaIH ceOsi KaK MPOCTHIE M yAOOHbIE WHCTPYMEHTHI ISl OL[CHKH
30HBI JCHCTBHS 0a30BBIX cTaHIWK. OJHAKO WX YIPOUICHHBIA XapakTep W 0e3 yuera
penbeda 1 TUIOTHOCTH 3aCTPOMKH MOTYT MPUBECTH K MEPEOIICHKE painyca YBEPEHHOTO
npuema. bonee crnoxxubie puzndeckue u rudpuHbIe MOAeTH, Hanpumep Longley—Rice
(NTIA Report 82—100 u np., 1982), ITU-R P.1546-6 (MCD-R P.1546—6 u ap., 2019) u
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ITU-R P.1812-6 (MCD-R P.1812—-6 u n1p., 2021), npeanaratot 0oJiee TOUHbIE IPOTHO3BI,
YUUTBIBAsE TEOMETPHUIO MECTHOCTH, MapaMeTphl aHTEHH, OTPAXEHHUS U aTMoc(hepHbIe
apdexTel. Tem He MeHee MX HCHOJIB30BaHHE TpeOyeT OoblIero o0beMa BXOIHBIX
JAHHBIX ¥ BBIYHCIIUTEIBHBIX PECYPCOB.

Mogens 3GPP TR 38.901 (3GPP TR 38.901 V17.0.0. u ap., 2023), pazpabo-
TaHHas koHcopuuyMoM 3GPP, 3anumaer ocoboe MecTo cpeau COBPEMEHHBIX IOXO0-
JIOB K aHanmu3y panuokaHaioB B cuctemax LTE Advanced u 5G NR. B ornmuune ot
TPaJUIIMOHHBIX MOJIEJICH, OHA YYUTHIBAET CLIEHAPUHU TOPOACKON MaKpO- U MUKPOCOTHI
(Urban Macro u Urban Micro), MHOTOTy4€eBBIE ITyTH, a Takke TexHonoruu MIMO u
beamforming.

Br16op anexkBaTHON MOJETH PAacIpOCTPAaHEHHUsI PAJAMOBOIH SBISIETCS OAHOM U3
BaYKHBIX 3a/1a4 IPU IPOEKTUPOBAHUY ceTell MOOMIbHOM cBsi3u. HenocTtarounas oneHka
BIMSHUS penbeda M 3aCTPOMKH MOXKET MPHBECTH K OMIMOKAM B MPOTHO3UPOBAHHUU
HOKPBITUSL U YXY/IIEHUIO KadyecTBa OOCIyXKHMBaHUS. B TO ke Bpems upe3mMepHOe
YCIIO)KHEHHE MOJICJIM MOKET IIPUBECTH K YBEITMUEHUIO BPEMEHHU PAacyeTOB M 3aTpaT Ha
POEKTHPOBAHUE.

Lenb maHHOTO HWCCIEIOBAHUS — MPOBECTH CPABHUTENBHBIA aHATN3 Pa3IMIHBIX
Mojieniet pacmpoctpaHeHus pamauoBosiH: Okumura—Hata, Longley—Rice, ITU-R
P.1546—6, ITU-R P.1812—6 u 3GPP TR 38.901. D10 n0o3BOIUT ONPEAEINUTh UX TOUHOCTb
Y IPUMEHUMOCTSH Juis TporHo3upoBanus nokpeitus cereit 4G (LTE) u 5G.

Jnist TOCTHKEHUSI IOCTaBICHHOM 11eTTH OBLIIN ITOCTABJICHBI CIISIYIOIINE 3a/1a4H:

- TMPOBECTH MOJAETHPOBAHNUE DPATHOMOKPBHITUS B TPOTPAMMHOM KOMILIEKCE
Radioplaner ¢ oquHaKOBBIMH UCXOAHBIMU TapameTpamu st auamna3zonoB 900 u 3500
MI'L;

- TIPOAHAIM3UPOBATH 0COOEHHOCTH (POPMHUPOBAHMUS 30H MOKPBITUS IS KaKIOH
MO/IEJIN ¥ BBISIBUTH PA3JIMYMsI B UX IPOCTPAHCTBEHHOM PACIIpE/ICIICHIH;

- OIICHUTH BITUSTHHUE peNbeda, 3aCTPONKI U 9aCTOTEI HA TOYHOCTH IIPOTHO3UPOBAHUS
Ha TIpuMepe T. AJMaThl;

- OIpEeNeNuTh ONTUMAJbHBIE 00JacTH TMPUMEHEHHs KaXIOW MOAETH NpHU
NPOEKTHPOBAHUU U onrtumu3aiyu ceteid 4G/5G.

Hayuynast HOBM3HA pa0OTHI 3aKIIOYAETCS B KOMIUICKCHOM CpPaBHEHUU TSTH
pacmpocTpaHeHHBIX MOJIeNIell pacrpoCTpaHeHHs PAIMOBOIH, BBHITIOJHEHHOM B €IMHOMN
NPOTPAaMMHOM cpelie ¥ MPU WACHTHYHBIX YCIOBHUSX MOJEIMPOBAHUS. DTO MO3BOJSET
00BEKTHBHO OIICHUTH PA3THYHUS MEXKTY SMIUPUIECKUMU, (PU3MUECKUMH U OTPACIIEBBIMH
MI0/JIX0/IaMHU.

[IpakTuyeckass 3HAYMMOCTb HCCIEIOBAaHMUS 3aKJIIOYAETCS B BO3MOXXHOCTH
BbIOOpa HanboIIee aIeKBaTHOM MOJIENN JIJIsl KOHKPETHOTO dTara paJuoIUIaHuPOBAHMUSL.

MaTtepuajibl U METOABI.

HccnenoBanue ObUI0 MTPOBEACHO C UCMOIB30BAHUEM ITPOTPAMMHOI0 KOMILIEKCa
Radioplaner 3.0, koTopblii ipeHA3HAYCH JIJIsT TPOSKTUPOBAHUS M ONITUMU3AIINN CETEeH
MoOmbHOM cBsi3u. [Iporpamma mognepkuBaet mogenu Okumura—Hata, Longley—Rice,
ITU-R P.1546-6, ITU-R P.1812—6 u 3GPP TR 38.901. B kauecTBe MCXOIHBIX JaHHBIX
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ucnonb3yercs nudposas MoJeNb penbeda U 3aCTPOHKH ¢ pasperieHueM npumepHo 30
M, co3nannas Ha ocHoBe OpenStreetMap u Global Forest Change. RadioPlanner 3.0 mo-
3BoJisieT paccunThiBarh ypoBHH RSRP, PL, otHOmEeHue C/(1 + N) 1 BeposiTHOCTh TIOKPHI-
Tusi. TUI MECTHOCTH OTpeeNieH Kak «ycpelHeHHas ropojickas 3actpoiikay (Urban),
rze napaMmeTpsl «clutter» (MpemnsaTcTBUil) 3a1aBaIUCh HA OCHOBE KOMOWHAIMY JTAHHBIX
OpenStreetMap u Global Forest Change, 4TO0 COOTBETCTBYET 3acTpoiike cpeaHein
ATaXXHOCTH C BBICOTOM 371aHui B Auana3zone 15—-25 merpos.

Tarke peannszoBaHa (QYHKIHS OTOOpaXeHHs TpO(UIS Tpacchl, aHAIN3a
BBICOTHBIX MPEMATCTBUHN U 3KcropTa pe3yiabTatoB B ¢popmarsl KMZ, PNG u GeoTiff.
[IpuMeHeHne mapajuIeNbHBIX BBIYUCICHUH 00€CNeunBaeT BBICOKYIO CKOPOCTb
MOJICIMPOBAHUS Jla)kKe MpPHU HAJIMYMKM MHOXecTBa 0a30BbIX cTaHuuil. Bce pacders
BemonHsuHch st ceteit 4G (LTE) u 5G npu pukcupoBaHHBIX MTapaMeTpax mepeaaro-
LIUX U IIPUEMHBIX YCTPONCTB B YCIOBUSX TOPOJICKOU 3aCTpOMKHU I. AntMaTsl. McxoxHbie
JaHHBIE U TTapaMeTpsl MoaenupoBanus B Radioplaner npuBenenst B Tabmure 1.

Tabnuna 1 — MicxomHbie mapaMeTpsl 1711 MOJCTUPOBAHHS PATUOTIOKPBITHS

[Tapametp 3HayeHue

Yacrora LTE, MI'1g 900

Yacrora 5G, MI't 3500

BricoTra nmojBeca aHTeHHbBI 0a30BOM 30

CTaHIUH, M

BpicoTa MOOMIIBHOTO YCTPOUCTBA 15
(TIOJTB30BATENBCKOTO), M i

MouHocTh niepeaTyrka, 1bm 40

THIT MECTHOCTH T'opozckast (Urban)
Pagnyc MmomenupoBaHus, KM 2

Kaxnas u3 BbIOpaHHBIX MO/iesnei Obliia MpUMEHEHA K OJTHOMY M TOMY )K€ YYacTKY
TOPOACKON TEPPUTOPUU C (PUKCHPOBAHHBIMU KOOpAMHATAMM 0a30BOM CTaHLUHU. ITO
MO3BOJIMJIO OIICHUTH BIMSHUE UCIIOIB3yEeMOTr0 MaTeMaTHYECKOr0 OAX0/1a Ha GopMy U
IUIOLIA/Ib 30HBI TOKPBITHUS, & TAK)KE Ha YCTOMUMBOCTh CUTHAJa B MPEAeaX TOPOACKOM
3acTpoiiku. Ocoboe BHUMaHUE YJeNsI0Ch CPAaBHEHHUIO Pe3ysIbTaToB B aquana3oHax 900
MI'1u 3500 MI'11, OCKOIBKY pa3uyue B ITTMHE BOJIHBI 1 MEXaHU3MaX PACIIPOCTPAHEHHUS
OTIPEJIENIAIOT XapaKTep 3aTyXaHus U INIyOUHY POHUKHOBEHUS CUT'HAJIA.

Owmmupuueckue monenu (Okumura—Hata, ITU-R P.1546—6) npogemoHcTpHpoO-
BaJIM TPE/ICKa3yeMoe yCpeHEHHOE paclpeiesieHne CUrHaja, 4To JAeflaeT UX YI0OHBIMU
U1l IEPBUYHBIX PACYETOB U OBICTPOI OLIEHKU paguyca o0cinyKuBaHus. B To ke Bpems
¢uznueckue u rudbpuanesie moaenu (Longley—Rice, ITU-R P.1812-6, 3GPP TR 38.901)
obecrieunii OoJiee JeTaM3UPOBAHHOE OTPAKEHHUE BIMSAHUS peibeda, IUIOTHOCTH 3a-
CTPOMKH W BBICOTHBIX NpensaTcTBUi. CpaBHEHHE ITUX MOZENEH A0 BO3MOXHOCTH
OINpPEAEINTh, KaKH€ M3 HUX JIydlle NOAXOAAT AJ TOYHOTO IPOEKTUPOBAHMS CETEU
4G n 5G B ycHOBHSX IUIOTHOM TOPOJACKOW Cpebl, TI€ HEOJAHOPOAHOCTh MECTHOCTH
U MHOXXECTBEHHBIE OTPa)KEHHUsl CYIIECTBEHHO BIMSIOT HA PEAIbHOE pACIpENEICHHE
YPOBHS CUTHAaJA.
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Pe3yabTaTsl U 00cyK1eHue.

Mooenv Okumura—Hata. Pe3ynbTaThl MOJEIHWPOBAHUS IO SMIHUPUYECKON
moaenu Okumura—Hata npencraBnens Ha pucyske 1: (a) st LTE 900 MI ', (0) st SG
3500 MI'u. Mozenb noka3slBaeT painaibHO-CUMMETPUYHYIO CTPYKTYPY MOKPBITHS, I/1€
30HBI YBEPEHHOTO MTpreMa (POPMUPYIOT TIOUTH HACATbHBIC TIOKPBITUS BOKPYT 0a30BBIX
crannuii. Ha kaprte mpeoOnamaioT KpymHBIE OOJAcTH JKEITOTO W KPAaCHOTO IBETA,
COOTBETCTBYIOIIIME YPOBHSIM CHTHaJIa BhIIIe —85 1BM, KOTOpBIE IJIaBHO NEPEXOasT B
3€JICHbIC M CHHHE 30HBI 110 MEPE YIaJICHHUS OT IICHTPA COTHI (CHIKACTCS YPOBEHb CUTHAIIA).

a) 900 MTI' (LTE) 6) 3500 MTI't (5G)
Puc. 1. Mogens Okumura—Hata

Takoe pacrpeneneHne CBUAETEILCTBYET O TOM, YTO MOJEIb HE YYHTHIBA-
eT BIUSHHE peibeda, MIOTHOCTH 3aCTPOUKH U JIOKAJIBHBIX MPErpajl, 4TO MPUBOIUT
K WJ€aJU3UPOBAHHOMY HOKPBHITHIO. OTCYTCTBHE BBIPAXKEHHBIX HEOAHOPOAHOCTEH U
«TCHCBBIX» 30H NOATBCPIKAACT, YTO paCHCT OCHOBAH HAa YCPCAHCHHBIX OSMIIMPUICCKUX
dbopmyax.

Pacuer moTeppr Ha MyTH pacHpOCTPaHEHHs PaJIUOCHUTHATIOB MPOBOIMICST C
ucroiib30BanueM 3aBucumoctr Okumura—Hata 71st ropo/icKoii MECTHOCTH:

L = 69.55 + 26.16log,g(f) — 13.82logig(hy) — a(h,) + [449
— 6.55logig(hy)] logyo(d),

a(hy,) = [1.1log,o(f) — 0.7] hy, — [1.56 logso(f) — 0.8],

rae L - morepu Ha tpacce (ub), f - wacrora (MI'n), h, u h_ - BeICOTBI anTeHH
0a30Bol 1 aOOHEHTCKOM cTaHIMK (M), d - pacCTOSTHHE MEXTy HUMU (KM).

CpaBHeHHE pe3yJNbTaTOB [UIsl Pa3IMYHBIX YacTOT I[OKA3ajo OKUIAEMYIO
3aBUCUMOCTb. [ [pryacTtoTe 900 MI'1130Ha yBEpEeHHOTO MpUEMa OXBAThIBACT TPAKTUYECKHU
BECh MCCIICIyEMBIN pamuyc (10 2 kM), obecrieunBasl yCTOWYNBOE MOKphITHE. OTHAKO
npu niepexoze k 3500 MI'11 paauyc yBepeHHOTr0 MpHeMa 3HAYUTEIbHO COKpAIaeTcs,
a 30Ha cuHero npeta (ypoeHb HWke —105 nbwm) pacmmpsiercs. 9To Mmoka3bBaeT o
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BO3pAaCTaHUM TOTEPh HA PACHPOCTPAHEHHE IMPHU YBEIMYCHHH YacTOTHI M CHIDKEHHE
CIOCOOHOCTH CUTHAJA MPOHUKATh CKBO3b MPEMSATCTBHUS.

Taxoke CTOUT OTMETUTB, 4TO pacueT i SG npoBoauiics o moaenu Okumura—
Hata B quanaszone 150-1500 MI'LL, kak u miig 4G. OgHako 3TO BBIXOAUT 32 IPEJEIbI €€
MPMEHUMOCTH, YTO MOXKET MPUBECTH K UCKAKEHUIO OLIEHKM MOTEPh U Paayca IMOKpPbI-
THSI.

Mooenv Longley—Rice. Ha pucynke 2 nipencrasieHo nokpeitue (a) mist LTE
900 MI'ny, (6) nns 5G 3500 MI't. Pacuer Beimonnens! no moaenu Longley—Rice. B
otinume ot Monenmu Okumura—Hata, ¢popma 30H OKPHITHS 37IeCh MEHEe IPaBUIbHAS U
OoJiee «pa3MbITas», UTO OTpaXkaeT (PU3NIECKYI0 IPUPOAY pacueToB. JlaHHAs MOAETbb
YUUTBIBAET KPUBU3HY 3€MIIH, a TAK)KE OTpaKeHUs U Audpaxiyro, 6iarogaps uemy
MOKPBITHE BBITTIAUT O0JIee PEaTMCTUYHO U COOTBETCTBYET TOMY, UTO HAOIIOAAaeTCs Ha
MIPAKTHKE.

a) 900 MI'n (LTE) 6) 3500 MI't (5G)
Puc. 2. Monens Longley—Rice

Jns gactorer 900 MI'm 30Ha yBEpEeHHOTO MpueMa O00JIalaeT JOCTaTOYHO
IMPOKOM TUIOIIAJIbIO U TIJIABHBIMU IEPEX0JaMU YPOBHEHN CUTHANIA. B oTiiume oT 3Toro,
npu yactore 3500 MI'11 30Ha 3HAYUTETBLHO CYy)KaeTcs, a JOJIs CIa0bIX Y4acTKOB (3ele-
HBIX ¥ CHHUX) yBenuuuBaeTcs. Kapra curHana BBITTISIUT HEOAHOPOIHO, TOSBIISIOTCS
JIOKaJIbHBIE TPOBajJbl CUTHANIA U BBITSHYTbIE 00JIacTH, YTO OOYCIIOBJIEHO BIUSHUEM
penbeda 1 TOPOICKON 3aCTPOUKH.

Mopens Longley—Rice B nenmom mpenaraer 6osee pusndecku 000CHOBaHHOE
OMMCaHUE TOKPBITUS M MOJIXOTUT Ul OLIEHKH BO3JeHCTBUS penbeda 1 aTMochepsl.
OpHako MpH BRICOKHUX YaCTOTaX OHA MOXET HEMHOTO 3aBhIIIATh 1aJIbHOCTh YBEPEHHOTO
npuema.

Pacyer noTepp BBINOIHEH C UCIIOIB30BAHUEM CIIEAYIONIETO YPAaBHEHUS:

L = Lfs + Ldiff_l' L.s':;'::rr:r

rae L, — notepu cBOGOHOTO MPOCTPAHCTBA, L . — notepu us-3a qudpakunn Ha
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penbede,all  —TOTEpH, BBI3BAaHHBIE TPONIOCEPHBIM PACCETHUEM M IEPEOTPAKEHUAMM.
B 00001116HHOM BHJIE HTOTOBBIE TOTEPH OMPEACIISIOTCS CIECTYIOIUM 00pa3oM:

Lf-'ﬂ‘t :Lb+At+Ad +.|'q.3’

rae A, — BaustHue penbeda, A — qudpakuus, A — NOTEpU H3-32 aTMOCHEPHBIX
YCIIOBUH.

Mooenv ITU-R P.1812. Ha pucyHke 3 mpeacTaBleHbl Pe3yJlbTaThl PacyeTOB
no pekomenganuu ITU-R P.1812—-6 nns nuamazonoB 900 u 3500 MI'. OTa moaens
JEMOHCTPHUPYET HanboJiee peaTucTUIHOE PaIHUONIOKPBITHE CPEIU BCEX PACCMOTPEHHBIX
nonxonoB. OHa yuuThIBaeT Takue (HaKTOpbl, Kak penbed MIOTHOCTh 3aCTPOMKH,
TG PAKIUIO U IEPEOTPAsKEHUs, YTO HATIISTHO BUHO MO CIISITHUCTOMY» PACIIPEICTICHUIO
YPOBHEH CUTHAA.

a) 900 MI'y (LTE) 6) 3500 MI'y (5G)
Puc. 3. Mogens ITU-R P.1812

Hnst gactorel 900 MI'1 30Ha YBEPEHHOTO IMpHEMa UMEET CIOXKHYI0 (opmy.
Curnai coxpaHsieTcs B OTKPBITBIX IIPOCTPAHCTBAX, HO 3HAUUTEIBHO 0CIa0EBAET B TEHU
31aHui u 3a npenstcTBusasMu. [Ipuuacrore 3500 MI'1 BausiHMe ropoJCKOi 3aCTPONKHU
YCUJINBAIOTCSI, BO3HUKAIOT MHOTOUHCIIEHHbIE 00J1acTH ¢ HU3KUM ypoBHEM RSRP (Huxe
—105 nbm), ocobenHo B IIIOTHBIX KBapTajiax. Kapra BRIMISAUT A€TaTU3UPOBAHHON U
TOYHO OTPAKAET PaCIIpeIeIEHUE CUIHalIa B TOPOACKOM cpeie.

JlanHast MoJienb SBJISETCS PEATUCTHYHOM U ONMCHIBAET paclpOCTpaHEHHE
PaZMOBOJH «HM3 MYHKTA B 30HY», YUYUTHIBas AU(PAKIHIO, OTPAXKEHUS U TporochepHble
3 PEKTHI

Ltot = Lb + Ld + Lciurtm' + Lma‘a"

rae L — norepu cBobGoaHOrO nipoctpanctsa; L, — morepu Ha audpaxmuio; L
— TONpaBKa Ha 3aCTpoiKy; L — Koppekuus 1o penbedy.

CO:

Mooenv ITU-R P1546. PucyHok 4 moka3biBaeT pe3yibTaThl PacyeToB I10

clutter
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mozenu ITU-R P.1546—6 nns wactot 900 u 3500 MI'. B otnune ot TpaauLMOHHBIX
HMIUPHUYECKUX TOJXO0/I0B, 3Ta MOJIENIb YUUTHIBACT BIUSHUE penibeda, BEICOTY aHTECHH
U THII MECTHOCTH, YTO BO3BOJSIET 0ojiee TOYHO OLEHHUTH PACIpE/eIeHHE CUTHAJIA.

Bl RadicPanner - Legend

Project New Projest 2025.10.13
Hetwork: LTE_Cay
Downlink Frequency. 500 MHe

TELERR Configuration: BWsEOMME 5C5
RN ol Load T5% v N ; a
B Frop, model: e, ITULRP 1548 - a8 Rec TU-RP 1548

RSN | ocation: 50%; Time: 50%
BRC iy ReRP
BIUE Height 15m Gain 0 8 3 a0l
¥ -85 dBmrsrp_barse8 -85 gBaryrp_bargel
155 dBmrsip_barsed R -3¢ B rsrp_barsed
i 1 -105 aBm rsrp_bars=3 f 105 gBmsip barsed

[l 115 aBmrsrp_bars=

6) 3500 MTI'tt (5G)
Puc. 4. Monenns ITU-R P.1546

a) 900 My (LTE)

[Tpu wacrore 900 MI'T kapTa AEMOHCTPUPYET OOIMIMPHYIO 30HY YBEPEHHOTO
npuema (1o —85 nbM), IUIaBHBIE MEPEeXOAbl U MHUHUMAJIbHOE KOJIMYECTBO TEHEBBIX
yuactkoB. Ha wyactore 3500 MI'1i paamyc MOKpPBITHS YMEHBIIAETCS, a JIOdS OC-
nabneHHbix 30H (Hmwke —105 nbm) Bo3pacraer, ocoOeHHO B TepuUBEpPUNHBIX U
3aCTPOCHHBIX pailoHax. OAHAKO KOHTYPBl MOKPBITUS OCTAIOTCS  JOCTATOYHO
CTJIQ)KEHHBIMH, YTO YKa3bIBa€T HAa COXpPaHEHHE SMIIMPUUYECKOr0 XapaKTepa MOJIEIH.

OTa Mozenb OCHOBaHa Ha HMIHUPUYECKUX KPUBBIX, KOTOPBIE CBS3BIBAIOT
HaNnpsH>KEHHOCTH TOJIS € IAJbHOCTBIO pacnpocTpaHeHus B auamna3zone ot 30 mo 4 I'T.
Jliig pacueTra SKBUBAJICHTHBIX MTOTEph IPUMEHseTcs hopMya:

Ly, = 139,3 — E + 20logy,(f),

rae L, — oxBuBanentHeie norepy, ab; E — HanpsokeHHOCTh 1o, ab(MkB/m);
f —gacrora, MI 1.

B unenom, ITU-R P.1546-6 mnokasbiBaeT cOajaHCUPOBaHHBIE pE3YJILTATHI.
Omna Oonee Touna, yeM mojens Okumura-Hata, u mpu 3TOM mpoIe B BBIYUCICHUSX,
yem [TU-R P.1812-6. Ota Monenp NOAXOAUT JJs IPEIBAPUTENBHOIO IUIAHUPOBAHUS
ropoackux cereil LTE u 5G, obecnieunBas pa3yMHbIIi KOMIPOMHUCC MEXKY CKOPOCTBIO
pacuera ¥ pealMCTUYHOCTBIO ITPOrHO3a.

Mooenv 3GPP TR 38.901. Ha pucyHke 5 moka3aHbl pe3yJibTaThl pacueToB IO
mozaemu 3GPP TR 38.901 mns wactor 900 m 3500 MI'. Dra monens pazpaboraHa
koHcopunymoM 3GPP criermansHo mutst coBpemenHsix cucteM LTE Advanced n 5SG NR,
YYUTBIBas 0COOEHHOCTH MHOTOTYy4eBOr0 pacnpoctpanenusi, MIMO u beamforming.

ITpu wactrore 900 MI'i (pucyHok 5, a) KapTa NOKa3bIBa€T PaBHOMEPHOE
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MOKPBITHE C IPAKTUYECKH OJTHOPOTHBIM YPOBHEM CHUTHAJIA U O€3 3aMETHBIX IPOBAJIOB.

Prajict M Project 2026 8013
it 65 Gty

Bandwidin SMHz Made FOU, FFR 3
)

Coll Load
SO F-op mocel 6P T 3601
O Lcamon S T S0
Sty RSAP
B LT Fisgha 16w Gain 0ol
48 slmeup_barved
- B raip_baryed
[ 158 0B rsrp_parye) { # Lyl -
W45 B e barsal L ] R W 115 B el

——25km-

a) 900 MTI'tt (LTE) 6) 3500 MTI't (5G)
Puc. 5. Monens 3GPP TR 38.901

Ha wactore 3500 MI'nm (pucyHok 3, 0) 30Ha YBEpPEHHOrO0 MpHEMa 3HAYUTEIHHO
YMEHBIIIAETCS, HO COXPAHSIET YETKYIO CTPYKTYPY COTbI, COOTBETCTBYIOLIYIO CLIEHAPHIM
Urban Macro u Urban Micro.

DTa MOJIeNIb UCIIOJIB3YETCS I pacyera norepb B coBpemMeHHbIx ceTsax LTE u
5G u paznuuaet crieHapuu npsmoit (LOS) u venpsmoit (NLOS) BuaumocTu:

PLips = 28.0 + 22log,o(dsp) + 20log.o(fe),

PLNLG‘S = 1354 + 39.0850910(5{3{)) + 20 loﬂm(ﬁ:) — 06(hUE — 15),

rze d, — TpexXMepHOe PacCcTOsIHUE MEXKY aHTeHHamH, M; f — vacrora, I'Tw; h
— BBICOTA MOJIb30BATENILCKOIO YCTPOUCTBA, M.

Mogens 3GPP TR 38.901 nambonee TOYHO OTpakaeT pealbHBIC YCIOBHUS
pactipoctpanenust st cereir 5G, Brimoyas 3(PGEKThl OTpaKeHWM, 3aTEHEHUS U
MHOTOJIy4€BOT0 PACIIPOCTPAHEHHS.

B otninuune ot mogeneit [TU-R, 3GPP TR 38.901 He ctpeMUTCs TOYHO ONTHUCHIBATH
MECTHBIE OCOOCHHOCTH penbeda WIM 3aCTPOIlKHM, BMECTO STOTO OHA OTpa)kaer
YCpEIHEHHbIE CTAaTUCTUYECKHE XapaKTePUCTHKU paJHoOKaHajga. JTO JelaeT MOJelb
MOIXOSIICH IS OIICHKU TPOU3BOAUTEILHOCTH ceTei 5SG, aHanm3a 3P GeKTHBHOCTH
AQHTEHH U TEXHOJIOTHI POCTPAaHCTBEHHOTO (POPMUPOBAHHUS JIyUEl, OHAKO €€ TOUHOCTh
CHWYKAETCS ITPH MPOTHO3UPOBAHUH MEITKOMACITAOHBIX 2P ()EKTOB B INTOTHOU TOPOICKOM
cpere.

JIisi HATJSITHOTO CpaBHEHHUS OCOOCHHOCTEW MATH PAacCMOTPEHHBIX MOJCIICH
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OBLIIO TIPOBEJICHO UX OIICHUBAHKE MO TAKMUM KPUTEPHSIM: THITY, CTETICHHU ydeTa pelibeda
MU 3aCTPOMKH, peaju3My MPOrHO30B U PEKOMEHIOBAaHHOW 00JIaCTU NPUMEHEHUSI.
HToroBbie XapaKTEepUCTHKH MPEICTABICHBI B TAOIHUIIE 2.

Tabnuna 2 — CpaBHuUTENIbHAsA aHAIU3 MOJENEH paclpOCTPAHEHUs PaJHUOBOIH

AJI IPOTrHO3UPOBAHUA TTOKPBITHA MOOWIBHBIX CETEH CBSA3U

Ne Monenn vuer Vyer [Ipeumymecta OrpaHnveHust Pexomennyemas obnacts,
penbeda TIPUMEHEHHS
3aBblILIaeT
1 Okumura— Her Her IpocTtota, 6bIcTpBIE paamnyc, He IIpenBapuTensHbIE OIEHKH
Hata pacueTrsl YUHUTBIBAET pajauyca MOKpBITHS
cpeny
Yuureiaet UyBcTBUTENIBHA
2 Longley— 1a OTDAKCHIS I B [IpuroponHsle u ceabckue
Rice (ITM) P pamerp 30HBI
T (PaKIHIO cpelibl
IT

3 | JTUR 2 Vet micorss | BT onaie roposeix

P.1546-6 A AHTEHH U penbed A ! P OPOA

ropoze cereit
Haub6Gonee Tounoe Tpebyer JleransHOE

4 ITU-R na na MOJICIIUPOBAHUE JICTATILHDIX pasuoIIaHUPOBAaHUE

P.1812-6 o JIAHHBIX U

TOPOJICKOM Cpebl N LTE/5G
BEIYHCIICHUIT
VYuureiBaer MIMO, He otpaskact Ouenka

3GPP TR beamforming, P n N

5 HET JIOKaJIbHBIE MPOU3BOJUTEIBHOCTH CeTel
38.901 cuenapun UMa/
UMi 3¢ deKT 5G

W3 Ttabmuupel 2 BUAHO, YTO C YCJIOXHEHHEM MaTeMaTH4YeCKOH MoJenu
YBEJIUYHUBAETCS TOUHOCTh POTHO3UPOBAHUS, OJTHAKO ITPH TOM BO3pPACTAIOT TPEOOBAHMS
K UCXOJHBIM JaHHBIM U BBIUMCIIUTEIBHBIM PECYPCAM.

Takum oO0pa3oM, oNTUMallbHAs CTpPATerus paJuOIIAHUPOBAHUS BKIIIOYAET
KOMOMHUPOBaHHbIHN 01x01. Ha sTane npeiBapuTeabHOM OLIEHKHU CIIE1yeT UCII0Ib30BaTh
ITU-R P.1546—-6, a ayiga netanbHOM OoNTUMU3ALMK U Banuaanuu napamerpo — [TU-R
P.1812—6. [l ananu3a ceTeBbIX CIIeHapHeB M paboThl aHTeHH B cuctemMax 5G NR pe-
koMeHayercs npuMmenaTs 3GPP TR 38.901.

IIpoBeneHHOE MOIENMPOBaHKE NTOKA3aJI0, UTO PE3YJIbTAThl PA3JIMYHBIX MOJEIIEH
3HAYUTENIBHO pa3inyarTcs, ocobeHHo npu nepexoze ot nuana3zona 900 MI' (LTE) k
3500 MI'u (5G). Ha Hu3KHX yacTOTax CUTHaJl PacHpOCTPaHsETCs Aajbllie U MEHBIIEe
3aBUCHUT OT 3aCTPOMKH, TOTJla KaK Ha BBICOKMX 4acTOTaX 30Ha YBEPEHHOIrO INpHeMa
PE3KO COKpaIaeTcsi, U J1000e MPensaTCTBUE, TAKOe KakK 3/1aHue WIK Ieperud penbeda
MECTHOCTH HPUBOJUT K 3aMETHOMY OCJIa0JICHUIO CUTHAJIA.

Mogens Okumura—Hata npeanaraer HauOojiee HPOCTYI0 U «HUICATBHYIO»
KapTuHy. [IOKpBITHE BB AUT CHMMETPUYHBIM, KaK KPYTH Ha Bofie, 03 yueTa peibeda
U 3JaHMUH, U3-32 YEro pajuyc yBEPEHHOTO IpuUEMa BCEr[a 3aBbILIEH. JTa MOJEINb
TOAMTCS, MOJXOAUT JUIs OBICTPOrO MPENBAPUTEIBHOTO ONPENIEICHUS 30HbI IEHCTBUS
0a30BOi1 cTaHIIMHU, HO JUIsI TOYHBIX PAacyeTOB B TOPOJICKOI cpelie oHa Hed((hEeKTUBHA.

Monens Longley—Rice, HampoTuB, yuyuThIBaeT (HU3UKY pPacHpOCTpaHEHMS,
oTpakeHue, TU(ppakIHio U BIusgHue atMmochepsl. B pezynbprare kapra BeINIIUT Oosee
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peamuctuyHa. [1OSBIAIOTCS BBITSHYTBIC 30HBI W YYaCTKH C MOHWKCHHBIM YPOBHEM
CUTHaja. JTa MOJENIb OCOOEHHO IO0JIE3HA JJIsl IPUTOPOJOB U OTKPBITHIX IIPOCTPAHCTB,
e penbed) MECTHOCTH MIPaeT 3HAYUTEIBHYIO POJIb.

ITU-R P.1546—6 npencrasnsier coboif HeuTo cpeaHee. OHA YUUTHIBAET BBICOTY
AQHTEHH M OCOOCHHOCTH MECTHOCTH, OCTaBasCh NPU 3TOM JOCTATOYHO OBICTPOH H
npoctoil. [ToKpbITHE BBITISAUT CIIIQXKEHHBIM, HO OMIKE K PeasbHOCTH. DTy MOJIENb
y1oOHO WCHOJB30BaTh HAa PAaHHEM ATale MPOCKTHPOBAHUS, YTOOBI OBICTPO OLICHUTH
BapHaHThI pa3MelIeHUs 0a30BbIX CTAHIUI.

Camoii Tounoit siisiercst mozenb [ITU-R P.1812—6. Ona yuutsiBaet penbed, 3a-
CTPOHKY, AU(PaAKINIO U OTPAKEHHSI, IOATOMY KapTa MOKPBITHS IOJTy4aeTCsl OYEHb Jie-
TAJIM3UPOBAHHON M GKUBO», BUJHBI YYaCTKU TEHU 32 3/IaHUSIMH U peaJIbHBIC KOHTYPBI
pacmpocTpaneHust curHana. IMeHHo 3Ta MOZIenb JaeT Hanbosiee OIM3KHe K pealbHOCTH
pe3yabTaThl, 0COOEHHO B YCIOBHUSAX IJIOTHON TOPOJICKOM 3aCTPOHKH.

Cospemennass mozaenb 3GPP TR 38.901 opuentupoBaHa He CTOJIBKO Ha
TEOMETPHIO PacCIpOCTpaHeHus, cKoabko Ha TexHosoruun 5G MIMO, beamforming,
cuenapun Urban Macro u Urban Micro. OHa onmchIBaeT pajvoKaHal B CPETHEM,
CTaTUCTHYECKH, YTO JETaeT KapTy MOKPBITUS OoJiee paBHOMEpHOM. OJJHAKO HA TPAKTHKE
3TO HE BCETJIa TaK, IOCKOJIbKY MEJIKHE MPEMSITCTBUS U IJIOTHAS 3aCTPOIKa 3TOM MOJENH
HE YYUTBIBAIOTCS.

Mo’HO cKa3aTb, YTO TOYHOCTb MOJIEIM BO3PACTAET BMECTE C YBEIMUYEHUEM
ee CI0KHOCTH. [IpocThie MoJienT OBICTPO AT OOILIMI Pe3yNbTaT, HO HE YYUTHIBAIOT
peanbHbie ycioBus. bonee cnoxubie moaenu, ocooenno [TU-R P.1812—6 nmo3Bossitor
YBHUJIETh pEabHYI0 KapTHHY HMOKPBITUS, HO TpeOyIOT OOJble NaHHBIX U BPEMEHHU Ha
pacuerTsl.

Ha ocHOBe naHHOTO aHaIM3a MOKHO ClIeaTh CIEAYIOLINE BHIBOADIL:

1. Ha sTane npenBapuTeNbHOIO IUIAHUPOBAHUS MOYKHO HCIOJb30BaTh MOJIENb
Okumura—Hata wim ITU-R P.1546—6 nuis onieHky rpaHuil 30H HOKPBITHS. [1J1s1 1eTanbHOM
ONTHMHU3ALMU U YTOUHEHHUS MOKpbITUS cienyeT npuMmenars [TU-R P.1812-6.

2. Ecnu ¢ 11enbio OIeHUTh paboTy COBPEMEHHBIX TEXHOIOTUH, TakuxX kak MIMO
wi beamforming, myume nmoxoiner 3GPP TR 38.901.

Takum oOpa3zoM, HH OJIHA MO/JIEJIb HE SIBJsIETCSl yHUBepcanbHOU. Kaxkas pemaer
CBOIO 3aJlady, U IPaMOTHBIN MHXEHEP TOJDKEH BbIOMpaTh MOJENb B 3aBUCUMOCTH OT
KOHKPETHOTO clieHapus. TOIbKO KOMOMHHPOBAHHBIN IOIXOJ, P KOTOPOM TPOCTHIC
MOJIEJN CIIy’)KaT OCHOBOM, @ TOYHBIE MOATBEP)KJIAIOT PAaCUEThI, ITO3BOJISIET MOJIYUYUTH
peaTMCTUYHBIN MPOTHO3 MOKPHITUS ¥ N30€KaTh OMIMOOK B MPOSKTUPOBAHHUH CETH.

3akirouenue.

[IpoBeneHHOE HccaENOBaHUE TPOAEMOHCTPUPOBANIO PA3IUYMsl B MOBEICHUU
pPa3IUYHBIX MOJENEW paclpoCTPaHEHHUsS PAJUOBOJIH U MX MPUTOAHOCTH  JUIS
IPOCKTHPOBAHUS CeTell MOOMILHON CBSI3M HOBOTO IOKOJICHHS. Pe3ynpTaThl pacueToB
NOKa3ajah, 4YTO Jake IMpPU OJUMHAKOBBIX YCIOBUSAX MOJEIMPOBAHUS PE3YJIBTATHI
CYLLIECTBEHHO Pa3IMYalOTCs, KaX/aasi MOAEIb «BUINUTY» PaAHOCPEly I10-CBOEMY.

OCHOBHOH pe3yJbTaT 3aKJIIOYaeTcsi B TOM, UYTO MOJENIM, OCHOBAaHHBIE Ha
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pekomernanusx MCD, ocobenno ITU-R P.1812-6, naror HamGosiee TOYHOE oOmuca-
HUE peaJIbHOW KapTUHBI PaAUuONOKpbITUA. OHM YUYHUTHIBAIOT HE TOJHKO BBICOTY aHTCHH
U penbed, HO U CIOKHYIO CTPYKTYPY TOPOJICKOM 3aCTPOMKH, YTO KPUTHUYECKH Ba)KHO
st cered 4G u 5G. bonee npocteie moaxonabl, Takue kak Okumura—Hata u ITU-R
P.1546—6, octaroTcst MOJAE3HBIMU JIJIS IPEIBAPUTEIBHBIX PACYETOB U OBICTPOTO aHAIHM3a
BapuaHTOB pasMenieHus 0a30Bbix cranmuii. Moaens 3GPP TR 38.901 oGecnieunBaet
CBSI3b C COBPEMEHHBIMHM TEXHOJOTHUSAMHM TEPEeNaydl JAaHHBIX M MOXKET HCIOJIb30BaThCS
JUTSL OLICHKH TTpom3BoanuTeNbHOCTH cucteM ¢ MIMO u beamforming, rie npuopurerom
SIBJISIIOTCS XapaKTEPUCTUKH paJroKaHaia, a He (hpopma MOKpPBITHS.

[IpakTrueckass 3HAYMMOCTH PaOOTHI 3aKIIOYAETCI B TOM, YTO TOJYyYCHHBIC
pe3yabTaThl  MO3BOJISIIOT HMH)KEHEPaM-TIPOSKTHUPOBIIMKAM OCO3HAaHHO BBIOMpATh
MOJICJIb TI0JT KOHKPETHYIO 3a7a4y, Oy/Jib TO IEPBUYUHOE MPOSKTUPOBAHNE, ONITUMHU3AIIHS
MTOKPBITHS WJIM aHAJIN3 TEXHOJIOTHYECKON 3P(HEKTUBHOCTH CETH.

Kpome TOro, mnpoBeneHHOE CpaBHEHHE CIIOCOOCTBYET (HOPMHUPOBAHHIO
YHUBEPCAIBHOTO TOJIX0/1a K TUIAHUPOBAaHMIO. VICIoNMb30BaHNE MPOCTHIX MOJACICH IS
OBICTPBIX PACUETOB U YTOYHEHHUE MPOTHO30B C MOMOIIBIO 00j1ee TOYHBIX (HU3UIECKUX
MOJEIIEN.

BakHO OTMETHTB, 4TO B paMKax JaHHOH pabOThI IPOBOIUIOCH CPABHUTEIIBHOE
HCCIEOBAaHUE TEOPETUYECKHX MOJEe B IporpaMMHON cpexae. Bammmanus
MOJTYYEHHBIX JIAHHBIX MYTEM COIOCTABJICHUS C PEaJbHBIMU IMOJICBBIMH U3MEPCHUSIMHU
(drive-test) B r. Anmathl SBISETCA TEMOU MadbHEHIITUX UCCIAEAOBAHUN. DTO TTO3BOIUT
YCTaHOBUTH 3TAJJIOHHYIO MOJICIIb JIJIsI IAHHOTO PETHOHA, B TO BpeMs KaK TeKyIas padbora
(hokycupyeTcsi Ha BBISIBJICHUH CUCTEMHBIX Pa3Iu4ii B MAaTEMATHYCCKUX TOIX0/1aX.
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