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PO3PAXYHOK TOYHOCTI PACTPOBUX JTAHUX ITPO BTPATHU
AMIIVIITYIU PAAJIOCUT'HAJTY 3ACOBAMU TEOMATHKH

Mera poGotn momsrae y po3poOJIeHHI METOAMKH PO3paxyHKy TOYHOCTI pacTpOBHUX MOJENEH AaHWX PO BTpaTh
aMIUTITYId paxiocurHany 3acobamu reoindopmariiiHoi cuctemu ArcGIS. Meroauka [OCTIDKEHb IPYHTYETHCS Ha
o0umcieHHl cepelHhoi KBaJpaTUIHOI MMOXMOKK JaHnX y nenubenax. [ cTaTUCTHYHOTO ITOPIBHSHHS 3HAUCHB SIK €TANOH
BUKOPHCTAHO PACTPOBI JaHI MPO BTPATH aMILTITYAH PaIiOCHTHATY, pO3PaxyHOK SIKHX IPYHTYBaBcs Ha ImdpoBiii Moxermi
penbedy, moOymoBaHiii Ha ocHOBI Tomorpadiunux kapt macirady 1:2000. OmiHKy TOYHOCTI MPOBEACHO IS JAHUX IIPO
BTpaTH aMILUITYM PaJiOCHIHAITY, sIKi po3paxoBaHo Ha miactaBi nudposoi moneni penbedy AW3D30, crBopeHOl Ha OCHOBI
crepeonap cymyTHUKoBHX 3HIMKIB ALOS. BukopucranHs caMe pacTpoBHX JaHUX Ja€ 3MOTY BHUKOHATH CTaTHCTHYHE
MOPIBHSIHHS 3HAYEHb KOXKHOI KOMIPKH JAaHWX 1 3aBASKH IIbOMY BCTAHOBHTH TOYHE 3HAUCHHS CEpeIHbOI KBaJPaTH4HOI
noxuOku. Pe3yabraT. B M0CTIHKEHHSIX BUKOPHCTAHO PO3pPAxOBaHi JaHi MPO BTPATH aMIUTITYAH PamiOCHTHaLy i 26
0a30BHX CTAHIIIH i3 pO3TAIIOBAHUMH Ha HUX 72 mepefaBadamu. PaifoH po3ramnryBaHHs — MicTo JIbBiB. Peanizariiro MeToauku
BHKOHAHO 3a JOMOMOrOI iHCTpyMeHTapito mozatka Model Builder. ¥V pesynmbrati BH3HA4YE€HO CEpeIHIO KBaIpaTHYHY
MOXMOKY BTpaTH aMIUTITyJH PaJioCUTHATY JUls AaHUX Ta 3pOOJEHO BUCHOBKH IPO MOJKIIMBICTH 3aCTOCYBaHHS LU(POBOI
Mogmeni penbey AW3D30 3 MeToro mimaHyBaHHS Ta onTuMizamii pamiomepex. HaykoBa HOBH3HA Ta NMPaKTHYHA
3HAYYIIiCTh. 3apOOHOBaHA METOMKA 3a0€31euye OLIHKY TOYHOCTI PAaCTPOBHUX MOJIEIeH BTPATH aMIUIITY TN palioOCUTHaITY
B Me)Kax OJIHOTO nepenaBada. MeToAMKy MiATBEPHKEHO VIS PO3PAXyHKOBHUX JaHHX IPO BTPATH aMILTITYAN PaJiOCHIHAIY,
npote 11 MO)KHA BHUKOPUCTATH JUIsl OLIHKA TOYHOCTI OyJb-SIKMX PacTpPOBHX MOJeNel NaHUX MPO HENepepBHI BENUYUHU
(penbed, TeMnepatypy ToIIO).

Knrouosi crosa: LIMP; ammmnityna pagiocursany; ArcGIS; cepents kBaapaTudHa MOXHOKA.

Beryn

B ymoBax cTpiMKoro 3pocTaHHs iHpopMaTH3amii cyc-
MUTBCTBA Yepe3 3aco0M MOOIUTBFHOTO 3B’s3Ky, B 4ac, KOJU
JIIOIMHA TI0YYBa€ThCsi HeKOM(OPTHO 0e3 3B’A3Ky Ha
cMapTdOHI Ta KOJNM BiJ HAasIBHOCTI 3B’S3Ky Ha TaKETI
TIPSIMO 3AJISKUTB ii )KUTTS, 0COOIMBOrO 3HAUCHHS Ha0yBae
MUTaHHS Tpo ympoBakeHHs 4G 3B’A3Ky Ha TepUTOPIl
Vkpainu Ta po3BUTKY I1’sitoro mokomiausa (5G) wmo-
OUTHPHOTO 3B’SI3KY B CBITI.

HamionaneHy KOMicCito, IO 3AIHCHIOE JepyKaBHE pery-
moBaHHS Yy cdepi 3B’A3Ky Ta iH(opMarmsalii, CTBOpEHO
Vkazom [pesunenta Yipainu Ne 1067/2011 Bin 23.11.2011 p.
JUId BUKOHAHHS 3akoHy Ykpainu “Ilpo TenexoMyHikamii” .
Hum camum Ykazom 3arBepikeno Ilonoxenus npo Ha-
[iOHAJBHY KOMICIIO, IO 3MAIMCHIOE IepiKaBHE PETyIo-
BaHHs y cdepi 38’ s13Ky Ta indopmaruszanii (HKP3I). 3rigno
i3 MaTepiamamu ooiiiiHoro caiita komicii [HKP3I, 2019]
ChOTOMHI B YKpaiHi po3moyaTo po3poOJeHHS CTaHIapTiB
3B’s13Ky 5G, omepaTopu MOOLIBHOTO 3B 53Ky 3IHCHIOIOTH
TEeXHIYHE IIEPEOCHAICHHS Ta VYIIUIBHEHHS KUIBKOCTI
cTaHmiif, mo0 3abe3meunTH MOKPHUTTA 3B’s3koM 4G. Y

3B’SI3Ky 3 MM HaJ3BUYAlHO aKTHMBI3YyBaJHCS IJIaHYBAaHHS
Ta ONTHMI3amis paXioMepek SK y MeXax OKPEeMHX
HACEJICHUX ITyHKTIiB, TaK 1 B MeXaX aJAMiHICTPAaTHBHHUX
paiioHiB Ta obsacTei Ha TepuTopii YKpaiHH.

Il miamasoniB yactot cranaaptis 2G, 3G, 4G mporec
ONTHUMI3allil Ta TNIAHYBaHHS paJioMepex IPYHTYEThCS HA
n00yI0Bi eMIIpHIHO-MaTEMATHYHOT 3aI€XKHOCTI (MOei)
MOIIMPEHHST PaJiOXBWIb BiJ] YacCTOTH XBHIb, NAJbHOCTI
NOIMIMPEHHS Ta IHIIUX IapaMeTpiB Uil HPOTHO3yBaHHS
BTPaTH IOTY)KHOCTI CHTHAJIy B MEXaX IE€BHOI TEpHUTOPIi
[[Mpumak, 2018]. 1li MmaTeMaTH4HI pO3paxXyHKH BUKOHYIOTh
3aco0aM¥l aHATI THYHO-TIPOTPAMHHX IIATPOPM, HAHTIOIH-
peHimmoro cepen sxkux B Yipaini € Atoll Wireless Network
Engineering Software pupoGuuunrBa kommawii Forsk.
Pe3ynbTaToM Takux 0OUMCIIEHD € PacTPOBA MOJEIb IAHUX
[Kapmincekuit, 2001], kokHa KOMipKa SIKOT MOYKE MIiCTHTH
3HAa4YeHHS BTPAaTH MOTYXXHOCTI pajiocursary B nb abo
BEJINYMHY BiHOLICHHS MOTY)KHOCTI CHTHAITY 10 BUMIPSHOL
MOTYXHOCTI BIAMOBiZHO OO OJHOTO MimiBaTa B JObM.
Jns mpuknany BigoOpakeHHS BTpaTH aMIUIITYIU
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pamiocurrany B OB IS OJHOrO mepeaaBada 0a30BOI
cTaHMii nogaHo Ha puc. 1.

Puc. 1. Ilpuknao sioobpasicenuss empamu amniimyou
PAOIOCUSHATTY 8 MeHcax 0OHO20 nepedasaya

Fig. 1. An example of displaying the PassLoss value
within the one transmitter

OnHe i3 3aBOaHp MAOCITIUKEHHS BIUIMBY KapTorpa-
(igrO1 ckimamoBoi, a came muppoBoi Momerm penbedy
(IMP), Ha mpotiec mIaHyBaHHs pagioMEPEX — BU3HAUYNTH
TOYHICTh IIAHYBAaHHs, B OCHOBY SIKOTO IOKJIafieHa IJIO-
oanmsHa [IMP AW3D30, moOynoBaHa Ha OCHOBI cTepeorap
kocmiunmx 3uiMkiB ALOS [Earth Observation Research
Center, Japan Aerospace Exploration Agency, 2018], mo-
piBHsHO i3 TouHimorw IIMP, mnoOymoBaHOIO Ha OCHOBI
Tornorpadiunux miaHiB Macmrady 1:2000.

CrarucTuyHui aHai3 (TOPIBHAHHS) JBOX PO3PAXOBAHUX
32 PpI3HAMH TIapaMeTpaMH MOJENeH BTpPaTH aMIULTYAN
pamiocurHanmy 3aco0aMH  aHANITHYHO-TIPOIPAMHOI  IIIaT-
dopmu Atoll [Atoll User Guide, 2010] moske mosisrary B:

1. TlopiBHsHHI ABOX 4M Oinblle 3Ha4YeHb BTPATH
MMOTY>KHOCTI paJiOCUTHAITY B OJIHIH TOYII.

2. BigoOpakeHHSI B3a€MHOTO/OKPEMOTO TIEPEKPHUTTSI
MOJIEJSIMU B MEKaX OJIHOTO TepeiaBaya/6a30Boi CTAHIIII.

3. Binobpaxkennss abcomoTHux Mmoxubok B ab/nbm
MDK JJBOMa MOJENISIMM B Me)Kax OJHOTO IepelnaBada 4u
6a30B0i craHIii.

OcranHili BapiaHT [a€ HaAWMOBHINIY KapTHHY JUIA
aHali3y NaHWX, OCKUIBKH ITiJ Yac Horo peamisamii me €
MOJKJIMBICTh OTPUMATH CEPEIAHE 3HAYCHHS abOCOIFOTHOT
NOXHUOKH Ta CTAHAAPTHE BiAXHUIICHHS 3HAYSHb a0COIIOTHUX
MOXMOOK MDK JBOMa pPO3PAaXyHKOBUMH 3HAUYCHHSIMHU
BTpaTW aMIUNITYJM paJiOCHTHAIY B MeXaX OJIHOTO
nepenasava. [IpoTe MateMaTH4Hi aarOpUTMH IPOrPaMHOT
mwiathopmu  Atoll mig vac pospaxyHKy abGCONOTHHX

noxubok (Value Difference) obmexyroors mone pospa-
XYHKY JI0 MiHIMaJIbHOTO 00MEXKYBaJIbHOTO NPSIMOKYTHHKA
(MBR), mo ommcye mepury i3 3amaHHX MOJENeH s
nopiBHsAHHS (puc. 2). [Ipu 1boMy Ta 30Ha i3 qpyroi Moel,
mo € 3a mexero MBR, e Oepe ywacti B oO4HCICHHI
CTaHAapPTHOTO BiIXWJICHHSI.

Minimum bounding rectangle (MBR)

Puc. 2. Minimanvruil 06medncysanbHuti NPAMOKYMHUK OJis
pacmpoeoi Mooeni OaHux npo empamu AmMnImyou padioCusHaLy

Fig. 2. Minimum bounding geometry for PassLoss raster data

OxpiM TOro, abCOMOTHI IMOXUOKK MK TBOMa pacTpo-
BUMH MOJCISIMH [aHUX OJpasy TIPYIYKThCS B PiBHI
[iana3oHd 3HAYeHb, MPUYOMY KpaiHi [iana3oHU Ial0Th
MOJKJIHBICTh OAYHTH TUTHKHU OJIDKHIO MEXY Jialla3oHy.

3 iHmoro OOKy, Ziama3oH OOpOOJEHHS PacTPOBHX
Mojeneld naHux 3acobamMM TreoiHPOpMAliiHUX CHCTEM
OCTaHHIM 4YacOM iCTOTHO DPO3LIMPUBCA 3a PaxyHOK po3-
BHUTKY HampsAMy KIacHU}ikamil pacTpoBUX 300pa)keHs,
HasiBHOCTI y BIJIKPUTOMY JOCTYHi IHU(POBUX MOJeINei
pembedy Ta BIAKpUTHX OIOMOTEK it 0OpOOJICHHS pacTpiB
tomo. [IpoBigHUME TeOiHPOPMALIHHIMH CHCTEMaMH IS
po6otu 3a pactpamu € ArcGIS 3 posmupennsm Spatial
Analyst, SAGA GIS, Grass GIS. Hanpuxmnax, B [Cma-
nitiayk, 2016] BHKOHAHO OI[HKY pPacTPOBUX IH(POBHX
Mozeneil penbedy MOpiBHAHO 3 MOJBOBUMH BHMipaMu; B
[Hapoxwuas, Bypsik, 2016] — omiHky MOp(pOMETpHIHHX
mapamMeTpiB muppoBUX MojAeneH penpedy Ha OCHOBI
CepeIHbO1 KBaAPATHIHOT TOXHOKH.

Ockinbku mporpamue 3abesnedenns Atoll ymoxu-
BIIIOE €KCIIOPT PO3PaxOBaHUX JaHHX MPO BTPATH MOTYXK-
HOCTI pamiocurHany B Shp-popmart, 10 Ja€ MOXIHUBICTH
BUKOHATH CTATUCTUYHO-AHATITUYHI PO3PaXyHKH TOYHOCTI
JaHUX TPO BTPATH aMIUNITYyId PaioCHUTHAIY 3acobaMu
reoiHpOpMamiiHIX CHCTEM, BpPaxyBaBIIH IIOBHY arpe-
raiito JaHuX y Mexax repejiaBaya.
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Mera

Mera JOCTIIKEHHS TOJATaE y PO3pOOICHHI METOIUKA
OI[IHKA TOYHOCTI PacTpOBHX IaHUX PO BTPATH aMILTITYAX
paziocurHaiy Ta il peamizamiro 3acodamu ArcGIS.

Metoauka

3aBHaHHAM JOCIIDKCHHS € ONpPAIfOBaHHSA EKCIOPTO-
BaHWX BEKTOPHUX JaHUX PO BTPATH aMILIITYIH pajio-
CHTHAJIy i3 TPOrpaMHO-aHAIITHYHOrO Komiuiekcy Atoll.
CTpyKTypy AaHUX HaBeleHO B Tabum. 1.

Ha puc. 3 naBemeHo npukian BimoOpakenus Shp-
¢aiina, 10 MICTUTH JaHI NPO BETUYHHY BTPAT aMIUTITYIH
pamioCHTHAIY.

SIk eTaNoOHHI B3ATO JaHi, PO3paxyHOK SKUX IPYHTY-
BaBCs Ha IdpoBii Momeni penbedy, moOymoBaHid Ha
ocHOBI Tonorpadiyaux kapt macmrady 1:2000. Ouinky
TOYHOCTI 3IIMCHEHO M JaHHX, OCHOBOI PO3PaXyHKY
sikux Oyia mudposa moaens penbedy AW3D30.

Tabnuys 1
CTpyKTYypa JaHUX NP0 BTPATH aMILIITy U
paxiocurLany
Table 1
Table structure of PassLoss Data
Ne Ha3zsa nons Tun TTosicHeHHS
3/ TaHUX
1 THRESHOLD | Numeric 3HaueHHs BTPATH
aMILTITYyIx
panmiocurHany, nb
2 COLOR Text Kounip y RGB nanitpi
3 TX_ID Text Hasga cranmii ta

HOMep IiepeaBada

Puc. 3. Ipuxnao sidobpasicenns Shp-gpaiina, wo micmumo oani
NPO GeUNUHY BMPAM AMIAIMYOU PAOiOCUSHATLY

Fig. 3. Shapefile with PassLoss Values

Ha puc. 4 monano CTpyKTypHY CXEMY JOCITIKESHHS.

IligroroBdi po6OTH
(moxin nanux 3a sHayennsm TX_ID, copryBanHst 3a

snauenassMm THRESHOLD)

4 N\
Pactepusariist 1aHUX 3a 3HAYCHHIM
THRESHOLD
\ J
s ™
Peknacuikanis Ta moOyaoBa mepexpecHoi
MO3aiKu JaHUX
\ J

<
[ O0u4unceHHs a0COTIOTHUX MOXHOOK
J
e “
30HaIbHA CTATUCTHUKA PACTPOBHUX MOJEIICH
JTaHUX
\ J
e “
Po3paxyHOok cepeaHboi KBaIpaTUUHOI
MOXUOKH
\ J
~
[lepeBipka rinoTe3u Npo HOPMAIBLHUI 3aKOH
PO3MOALTY a0COIOTHIX TOXHOOK
J/
N
[ KonTpons po3paxyHKiB
J

Puc. 4. CmpyxmypHa cxema 00CnioxHceHHs

Fig. 4. Research structural scheme

Jnst npyBeACHHS PacTPOBUX NAHUX Y MEXaX OJHOIO
nepenaBadya JI0 OJHOTO PO3MIPYy BHKOPHCTaHO PEKJIACH-
¢ixawiro 3Ha4ens eTanoHHux (Marpuig X true) Ta AOCIin-
KyBaHuX JaHux (Matpuus X) Ha MakcUMalbHE 3HAYEHHS
BTpaTd aMmIuniTyau pagiocurnany (1) Ta mnopmanbiie
rmepexpecHe 00’eqHaHHS IaHWX 13 peKiTacu(ikKOBaHHUMHU
3HaYCHHIMHU (2)

{Xrtrue = Maxlmum(xtrue) + 1 (1)
X, = Maximum(X) +1 '
{Xtrue = Xtrue U Xr (2)
X=XUXrtrye '

1€ XytrueTd@ X; — BIINOBIIHO pexiacubikoBaHi MaTpwUili
STAJIOHHOI Ta IOCIIKYBaHOI PacTPOBUX MOJENeH JaHHUX
PO BTPATH aMIUTITYIH PaJiOCUTHAITY.
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A6comotny noxubky AX (nB) BusnaueHo 3a Gopmy-
noro (3):
AX = Xpryo— X . 3)
CepenHio KBaJpaTHYHy MOXHOKY M BH3HAYEHO 3a
¢dbopmynoro Taycea (4):

m = /2% @)

Jie N — KUTBKiCTh KOMiPOK, IO BiIIOBIJaf0Th BiATOBITHOMY
3HAYCHHIO BTPATH aMIUTITYyIN PaiOCUTHAITY.

OcCKiNBKH B OCHOBY 004HcIieHb 3a (opmyiamu (3) Ta
(4) moxmameHo pacTpoBi MOJENI JAAHWX, 3HAYCHHS Ce-
penHbOi KBaJApPaTUYHO! MOXUOKM BH3HAYAETHCS 3 ypa-
XYBaHHSM KOXHOT KOMIPKH JJaHUX, 110 3a0e31edye MOXKIIU-
BICTh CTATUCTHYHOTO aHANI3y OAaHWX Ha OCHOBI Teopil
BeNUKOi BHOIpKH, (KUMBKICTh 3HAYCHb Y MEXKaX OIHOTO
nepeaaBaya Moxxe csiratd moxan 10000).

[lepeBipKy rinOTE3U MPO HOPMATBHHUHA PO3IMTOILT a0CO-
JIOTHUX MOXMOOK BUKOHAHO 33 KPUTEPIEM Y3TOJKEHOCTI
[ipcona (4) [Bacunenko, Cenua, 2012]:

theor
2 — Z (pi_pi )2 (5)
X" = theor '
p;
theor . .
nc pi — TCOPCTUYHA MUMOBIPHICTH MOTPAIJIAHHSA 3HA-

YEeHHS PO BTPATy paliOCUTHAIY B i-i iHTEpBas pO3MipoM
1nb; p; — emnipuuHe 3HaYeHHS HIMOBIPHOCTI, AJIsI HAILIOTO
BUIMAJKY MPUHAHITO 3HAYCHHS ILUIOIII TEPUTOPIi B KBajpa-
THHUX KIJIOMETpax, IO IOKPUBA€EThCA BIATIOBITHUM 3HA-
YEHHS BTPATH aMIUTITYIU PadiOCUTHAITY.

PesyabTaTn

BxigHIMU JaHUMU IJIs peai3alii omucaHoi MeTOAUKH
Oynmu Ba Shp-gaiinm, KoXeH i3 SIKUX MICTUB TOJITOHH 3i
3HAQYEHHSAMH BTPAaTH AaMIUNITYAU pajaiocurHany s 26
0a30BMX CTaHLIifl 13 pO3TallOBaHUMH HA HUX (2
nepenaBadamu. PaifoH poOGiT — micto JIbBiB, LleHTpasibHa
YyacTHHA, OpieHTOBHA IwToma 10 KMZ.

OCKUTbKH KOXEH 13 (aiiiliB MiCTUB HakJaIeHi OJIMH Ha
IHIIMHA ~ TIOJITOHM, TOMEPEeTHhO OYJI0 BHKOPHUCTaHO
¢dynukuito ArcGIS Split By Attributes 3a 3nauenHsIM mosis
TX_ID. Tak oTtpumaHo okpeMuid (ain I KOKHOTO
nepeaaBayva.

Pacrepuzariito maHMX I8 KOXKHOTO IepelaBada
snifichunn  yukmiero Polygon to Raster, momepeanso
BizicopryBaBuu naHi Ha moni THRESHOLD o¢yukuieto
Sort. 3-3a Benukoi KiJbKOCTI (aiiniB OyJi0 BUKOPHUCTAHO
nakeTHe 0OpobnenHs 3acobamu ModelBuilder. Cropeni
MOJIeJTi HaBeJICHO Ha pHC. S.

OO6uncneHHs cepenHboi KBaApaTUYHOI IOXHOKH 3a
¢dopmynamu (1)—(4) takox Oyno peanizoBaHo MoOYI0BOO
mojgerni B8 ModelBuilder i3 3amydenHsiM Takux QyHKIiN
ArcGIS, sax Reclassify, Mosaic To Raster, Raster
Calculator, Zonal Statistics as Table, Add Field, Calculate
Field, Summary Statistics. Mopens po3paxyHKy B Mekax

OJHOTO TIepenaBava Ta ii 38’5130k 3 ¢dopmymnamu (1)—(5)
HaBEJICHO Ha puc. 6.

6
Puc. 5. Mooerni ons: a — copmyeanns; 6 — pacmepusayii 0anux

Fig. 5. Models for data: a - sorting and b — rasterization

[TinTBepmKEeHHS TINMOTE3W INPO HOPMAIBHUH 3aKOH
pO3MOALTYy abCONIOTHUX MOXMOOK 3HIMCHEHO 3a JOIIo-
MOTOI0 KaJbKyJIsiTOpa, peamizoBanoro B [OOO “Hosbrii
cemectp”, 2019]. IlepeBipka rimote3u i BapialiitHOro
pany 3a KputepieMm ysromkeHocti IlipcoHa nokasana, 1o
HEMae MPUYUH BiJKUIATH OCHOBHY TilOTE3y MPO HOP-
MaJbHUI 3aKOH PO3MOLTY.

Ha puc. 7 momano rpadik eMImipHudHOi Ta TEOPETHIHOL
HMOBIPHOCTI HOPMAJIBHOI'O PO3MOJUTy 3Ha4eHb abco-
JIIOTHUX TTOXHOOK.

KoHTpons o0uncieHp 3AiHCHEHO B MEXax OJHOTO
nepenaBaya eKCIIOPTOM pacTpa B TAOJIMYHUIN BUIJISLI, Ta
miIpaxyHKOM CcTaTHCTHKH 3acobamu  Microsoft Excel.
KoHTpons o0dYHCIIEeHs MiATBEPAWB IMCHTUYHICTH PO3pa-
XYHKY CepeqHboi KBagpaTHYHOI MOXHOKM 3acobamu
ArcGIS rta obunciennsmu B Microsoft Excel. Y wacoomy
MOpiBHAHHI 00pOoONEeHHS HaHWX 3a gomomoror ArcGIS
3HAYHO IIBHUJIIIE.
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Puc. 6. Mooenws pospaxynxy CKII danux npo empamu padiocucnany

Fig. 6. Model of RMSE calculating

Puc. 7. I'paghix emnipuunoi ma meopemuunoi umosiprocmeii

Fig. 7. Empirical and theoretical probabilities

VY pe3ynbTaTi 004nCIICHb BU3HAYEHO CEPEHIO KBaIpa-
THYHy noxubky 6,25 nb, IlopiBHsABHIIM e 3HAYESHHS
i3 nmomyctumum: 6-7 ab mis 3a0yAOBaHHMX MiChKHX

tepuropiit  [Parson, 1993], 10 ab mi1s mnpuMichKHX
tepuropii Ta 15 ab mis cinbepkoi MicieBocti [Blaunstein,
Censor, 2003], mMoxHa 3pOOMTH BHCHOBKH, III0 BHKO-
puctranas [IMP AW3D30 mus minedd IIaHyBaHHSA Ta
ONTUMI3aIll pagioMepe:k — Ha TPaHUIN JOMYCKY s
MICBKHX TEPHUTOPii Ta ONTUMAIBHO MOXE BHKOPUCTO-
BYBATHCh Y TIPUMICBHKiil Ta CITBCBKiil MiCLIEBOCTI.

BucHoBkn

Y pesynbraTi JIOCHiIKEHb PO3pPOOIEHO METOIUKY
PO3paxyHKy cepeIHbO{ KBaIpaTHUHOI TOXHUOKH PaCTPOBUX
JMAaHUX TIPO BTPATH aMIUTITyTU PaJiOCUTHAIY 3aco0aMu
reoindopmauiiinoi cucremu ArcGIS.

Peanizaniro METOJUKHM BHMKOHAHO 3a JOMOMOTOIO
inctpymentapito  momatka Model  Builder  ans
BH3HAYCHHS BIUTUBY SKOCTI HHQPPOBOiI MOIEN MicIe-
BOCTI Ha pO3PaxyHKOBiI 3HAYCHHS BTpaT aMILIITYIU
paniocurHany. st JOCIHIiIKEHB SIK €TaIOH BUKOPHUCTAHO
JaHi, PO3paXyHOK SKHX TPYHTYBaBCA Ha IUPPOBIU
Mozeni penbedy, MOOYJIOBaHIii Ha OCHOBI TOmOrpa-
¢iuvaux kapt wmacmrtady 1:2000. Ouinky TOYHOCTI
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BUKOHAHO I JaHUX, OCHOBOKO PO3paxyHKY SKHX Oyia
nupposa moaens peasedy AW3D30.

Ha mincTaBi po3paxyHKiB OLIHKHA TOYHOCTI 3aco0amu
TCOMATHKH MOKHA 3pOOUTH BUCHOBKH, IO BUKOPHUCTAHHS
OMP AW3D30 ams minedt mimaHyBaHHS Ta ONTHMI3aIlii
panioMepesx — Ha TPaHHUIll JOITyCKY I MiCBKUX TEPUTOPIN
Ta ONTHMAJILHO MOE€ BUKOPHCTOBYBATHCh Y MPHUMICHKIii
Ta CUIBCHKIN MiCILIEBOCTI.

3anpornoHoBaHa METOIUKA OI[IHKH TOYHOCTI Ha OCHOBI
BUOIpKM BENHMKOI PpPO3MIPHOCTI  BigIOBiZa€ BHUMO3i
CIPOMOYKHOCTI CTaTUCTHYHOI OI[IHKH, IIO MigBHUINYE Ii
JIOCTOBIPHICTD TOPIBHAHO 13 TPagUIifHUMHU “‘TaOnnd-
HUMH METOJaMH BHOIpPKH Majoi po3MipHOCTI Ta YTOUHIOE
aHami3 MOaHWX, AOCTYINHHHA B aHATITHYHO-TIPOTPaMHIN
wiatdopMi IS TUTAaHYBaHHS Ta ONTHUMI3AIll pagioMepex
Atol. Ti Takosk MOXHAa BMKOPHCTOBYBATH IS OY/Ib-SKHX
pACTpOBHX MOJENCH MaHUX IMPO HETNEepPEepBHI BEIHMYUHH
(penbed, TemmepaTypa TOIIIO).
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ACCURACY CALCULATION OF PASS LOSS RASTER
DATA USING GEOINFORMATION SYSTEMS

The purpose of the work is to develop a methodology for calculating the accuracy of pass loss raster data using
the ArcGIS geoinformation system. The research methodology is based on the calculation of the mean square error
of the data in decibels. For the studies, the reference value was the value of the pass loos data which were calculated
based on a digital terrain model built from topographic maps of 1: 2000 scale. Accuracy estimation was performed
for pass loss data calculated based on the AW3D30 digital terrain model built from stereopairs of ALOS satellite
images. Results. The calculated pass loss data for 26 base stations with 72 transmitters were used in the studies.
Location is city Lviv, Ukraine. The implementation of the methodology was performed using the Model Builder
toolkit. As a result, the mean square error of pass loss data was determined, and conclusions about the possibility of
using the digital terrain model AW3D30 for the purpose of planning and optimizing radio networks were made.
Scientific novelty and practical significance. The proposed technique provides an estimation of the accuracy of raster
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pass loss data within one transmitter. The methodology was validated for the calculated pass loss data of the radio
signal, but can be also used to estimate the accuracy of any continuous raster data (relief, temperature, etc.).
Key words: DTM); pass loss; ArcGIS; mean square error.

References

Blaunstein, N., D. Censor, D. Katz, A. Freedman, and |. Matityahu. (2003). Radio propagation in rural residential areas
with vegetation. Progress In Electromagnetics Research, Vol. 40, 131-153.

Parson, J. D. (1992). Mobile Radio Propagation Channel, Wiley, Chichester, West Sussex, England.

Atoll User Manual version 2.8.2, Release AT282_UM_EQ. (2010). Forsk. 237.

Vasylenko O., Sencha I. (2012). Matematychno-statystychni metody analizu v prykladnykh doslidzhenniakh: navch. posib.
Odeska natsionalna akademiia zviazku im. O. S. Popova, 54 [in Ukrainian].

Karpinskyi Yu., Hrachov O. (2001). Transformuvannia rastrovykh modelei tsyfrovykh kart i planiv. Visnyk heodezii ta
kartohrafii, No. 3, 65-73 [in Ukrainian].

Prymak L. (2018). Osnovni vymohy do skladu topohrafichnoho zabezpechennia dlia radiochastotnoho planuvannia
telekomunikatsiinykh system. Inzhenerna heodeziia: nauk.-tekhn. zbirnyk, No. 65, 158-168 [in Ukrainian].

Smaliichuk A. (2016). Otsinka tochnosti tsyfrovykh modelei vysot zasobamy heomatyky. Konstruktyvna heohrafiia i
heoekolohiia. Naukovi zapysky, No. 1, 235-242 [in Ukrainian].

Narozhnaya A., Buryak Zh. (2016). Morfometricheskiy analiz cifrovyh modeley rel'efa Belgorodskoy oblasti raznoy
stepeni generalizacii. Nauchnye vedomosti. Seriya Estestvennye nauki, No. 25 (246), Vyp. 37, 169-178 [in Russian].

ALOS Global Digital Surface Model Retrieved from:
https://www.eorc.jaxa.jp/ALOS/en/aw3d30/aw3d30v21_format_e.pdf.

Natsionalna komisiia, shcho zdiisniuie derzhavne rehuliuvannia u sferi zv'iazku ta informatyzatsii. Retrieved from:
https://nkrzi.gov.ua/ [in Ukrainian].

OO0 “Novyi semestr”. Retrieved from: https://math.semestr.ru/group/hypothesis-testing.php [in Russian].





