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YHidikoBaHa MeTOAUKA PO3PAXYHKY 30H O00CJIYIOBYBAaHHSI B MepesKax
3aJII3HUYHOT0 TEXHOJIOTiYHOT0 PATi03B’ A3KY

Ilpogedeno ananiz 6umoe 00 yOOCKOHANEHOT YHIGIKOBAHOI MEMOOUKU PO3PAXYHKY 30H 0OCIY208Y8AHHI 68 Mepeicax

MEeXHON02IUH020 padio38 A3KY.

Pospobneno nponosuyii wjooo yHigikosanoi memoouxu po3paxyHky, AKa O 3a0080JbHANA PO3IAHYMI GUMOU.
Ilepexio 6i0 epaghoananimuunux memooie 00 €OUHOI AHANIMUYHOT POPMU PO3PAXYHKIE NIOBUULYE MOYHICIb [ CHPOWYE

asmomamu3sayiio.
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00C1Y208Y8AHHS, PO3PAXYHOK OAIbHOCMIE pAdio36 A3KY.

Beryn

3acTocyBaHHS Cy4YacHHX pPaJiOTEXHOJIOTIH JI03BOJISE
CYTTEBO MiABUIUTH HAMIHHICTh TEXHIYHUX 3aC00iB. Y TOH
KE Yac KaHaJM PyXOMOTO paio3B'si3Ky 4Yepe3 CKIIaaHi
YMOBH ITOLIMPEHHS PaJioXBWJIb Ta YMOBH €KCIUTyaTamii €
HAUOIIBII BpPA3IWBHM EIIEMCHTOM CHCTEM pajio3B'sA3Ky.
BaxmBo — mepem0aduTH  MOXKIHBOCTI T IBHIICHHS
HAJIMHOCTI KaHATIB  pPajgio3B’s3Ky 1€ Ha  eTarmi
npoexTyBaHHsA. lle MokHa 3abe3nmeynTH 3a PaxyHOK
BUKOPDHCTaHHS aJeKBaTHOI MOJETl pO3pPaxyHKy 30H
00CITyrOByBaHHS PaioOMEPEX.

CekTop pazio3B’s3Ky B ckiaai MiXKHaApOJHOTO COI03Y
emektpo3B’sisky  (ITU-R)  ouomoe  mocmimkeHHS 1
pO3pOOJIEHHST pPEKOMEHJALii 3 MUTaHb pPO3PAXYHKY
KaHaJliB pPyXoMOro pazio3B’s3ky. Ha ceorommi s
BUpILICHHS NPaKTUYHUX 3aBJaHb MPOIHO3YBaHHS PiBHIB
CHTHAJIB y KaHaJlaX PyXOMOTO Pajio3B'A3Ky Oa30BUMH €
Mozens Okamypa-XaTa 1 METOOWKAa pPO3PaxyHKY 3a
pexomenpamiero ITU-R P.1546 [1, 2].

Y  Pexomenpanii P.1546 [1] BUKOpHCTOBYETHCS
METOJMKA  PO3PAaxXyHKy  HAalpyKEHOCTI Moy Ul
CYXOIITBHOI PYyXOMOi CIY’)KOM Ha OCHOBI KPHBHX
TOMIMPEHHS  PaJiOXBWIb, OTPUMAaHUX y PE3yabTaTi
YHUCJIICHHUX EKCIIEPUMEHTAJIbHUX JOCIiKeHb. Merox
MIPOTHO3YBAaHHSA  HANPYKEHOCTI IMOJSL 32  MOJEIUIIO
Oxamypa-XaTa, 3alpoliOHOBAHOIO JUII YMOB BEJIHKOTO
Micra, y pekomermanii ITU-R P.529 po3sureHO TakoX) 11st
YMOB HNPUMICBKOi 30HH 1 CLIBCHKOI MICIIEBOCTI 33 PaxyHOK
BBCJICHHS BiAMOBiMHUX mompaBok [2, 3]. Pexomenmarmii
Mi>KHapOIHOTO COI03Y 3aJi3HMIL 3 BIPOBA/KEHHS MEPEX
CTUTBHMKOBOTO  pamio3B’ssky  GSM-R  ¢aktnuno
6asyroTecst Ha ocHOBI moxeni Oxamypa-Xara Uit yMOB
Mict [4].

Omxe, BiOMI MIDKHApOAHI METOAWKH DPO3PaXyHKY
KaHaJliB PyXOMOTO padio3B’s3Ky HE BpPaxOBYIOTh YMOBH
opraHizamii KaHaJiB TEXHOJOTIYHOI'O paaio3B’sI3Ky Ha
IUISTHKAX 3aJI13HULb.

© A. O. €xaizapenko, 2023

Po3pobneno BimoM4i HOpPMAaTHBHI JOKYMEHTH, IO
0a3yloTbCsl  Ha  pe3ylbTaTax  eKCIEPUMEHTAJIbHUX
JIOCHI/DKEHb TOIIMPEHHS pPaJiOXBWIb Ha CTaHMiAX 1
neperoHax. Jlus MepeX CTaHIIMHOro, IIOI3HOTO Ta
PEMOHTHO-OIIEPATUBHOI'O Pa/io3B’I3Ky BUKOPHCTOBYIOTh
OKpeMi JOKyMeHTH [5, 6]. VY 3ami3HUYHUX MOAEIIX
BHUKOPHCTOBYIOTHCS MIJIXOAM, AHAIOTIYHI BHUKJIAJCHUM Y
pexoMeHaamissx MiXKHApPOIHOTO COHO3Y EIEKTPO3B’S3KY.
[ependaveno, 110 MAcIOpPTH NMPOEKTOBAHUX pPaTiOMEPER
MalOTh MICTHTH JaHi PO PO3PaxXyHKOBY 1 (akTHYHY
BCTaHOBJICHY JAJBHICTh Pazio3B's3Ky [7].

IHocTanoBka npodaemu

3anumiaeTbesl aKTyaIbHOIO IIpo0ieMa po3poOJIeHHS

yHi(iKOBaHOI, €AWMHOI JUIT BCIX BHUIIB pPagiOMEPEX,
TIepCTIEKTUBHOL METOIUKH PO3paxyHKy 30H
00CITyrOByBaHHSI.

OcHoBHI pe3ynbTaTn

IIpn mpoexTyBaHHI CHUCTEM pPYXOMOI'O palio3B’sI3KY
BaXJIMBE 3HAUCHHS Ma€ PO3PAXYHOK 30H OOCIIyrOBYBAaHHS
panmiomepexx abo JanbHOCTI pamio3B’s3Ky. JlanbHICTH
pamio3B’s3Ky — II¢ MaKCHMallbHA BiJCTaHb, Ha SKil
3abe3neuyeThbest He0OXiqHa SKICTh 3B’ SI3KY.

[Mpunyckaroun, o Ha TPaHULl 30HW OOCITyTrOBYBAaHHS
(Ipu MakcMMaJIbHIN JaTbHOCTI 3B'SI3Ky) Hampyra Ha BXOJi

npuiiMaua pamiocranumii U JIOPIBHIOE MiHIMaJBHO

BX
JAO0IMYCTUMOMY 3HAYCHHIO UZMiH ,

UBX = UZMiH :

VY 3araJpbHOMY BHHNAJIKy JaJIBHICTh Daiio3B's3Ky
BM3HAYAIOTh y HANpPSMKY BiJl CTalliOHApHOI JO BO3MMOL
panmiocTaHiii pyxomMoro o00'ekTa, OCKUIBKM  yMOBH
MpUiMaHHs CUTHAJIIB HA PyXOMOMY 00'€KTi 3HA4YHO Tipie,
HDK Ha CTaI[lOHApPHOMY, BHACIIZOK OUJIBII BHCOKOTO PiBHS

25

IKC3T, 2023 Nel




IHPOPMAINIMHO-KEPYIOUI CUCTEMU HA 3AJII3BHUYHOMY TPAHCIHOPTI

pamio3aBag y Oe3mocepemHiii OMU3BKOCTI Bill TPUCTPOIB
KOHTaKTHOI Mepexi [5].

Pospaxynku  pgampHOCTI  pafio3B'si3ky Ta  30H
00CITyroByBaHHSI MPOBOIATHCS Ha OCHOBI BHUKOPHCTAHHS
TPHOX OKPEMHX BIiJIOMYMX HOPMATHUBHUX JOKYMCHTIB 3
opraHizamii Ta pO3paxyHKy KaHaliB CTaHIIHHOrO,
MOI3HOTO 1 PEMOHTHO-ONEPATHBHOTO pajaio3B'sI3Ky Ha
3aIII3HUYHOMY TpaHCIopTi Ykpaiau [5, 6]. MinimanbHO

OITyCTUMHUIA ~ PiBEHb  KOPHUCHOTO  CHTHATY UZMiH

BH3HAYAIOTh 32 TaOd. | 3aJeKHO Bif BHUIY TATH MOi3JiB,
LIBUAKOCTI PyXy 1 THUIIB JIOKOMOTHBIB [5].

IIpn po3paxyHKax EHEPreTHYHMX XapaKTEPHCTHK
padioKaHaNliB TEXHOJNOTIYHI BiJIMiHHOCTI paJioMEepex HE
MalOTh NPHUHIMIIOBOTO 3HAYEHHS. BaxJnBe 3HAYCHHS
MalOTh BHWKOPHCTOBYBAaHI CMYTM paJiodyacToOT, YMOBH
opraHizamii pagiomMepex — TeperoHH abo CTaHIil;
iHppacTpyKTypHi OcoOIHMBOCTI — ernekTpudikoBani abo
HeelneKTpr(iKoBaHi AIJSTHKY Ta iH.

Tabmums 1

MiniManbHO 10nycTHMI PiBHI KOPHCHMX CHTHAJIIB HA BXO/i NpUiiMaYiB JJOKOMOTUBHHX pajiocTaHIii
Y Mepekax TeXHOJIOriYHOro pafio3B’ 3Ky

YMOBH eKcIuTyaTarlii pajio3aco0iB UZMiH JUi PHAMAHIB paziocTanuii, Ab
KP-V-JIIT «Opion» PB

JlinsHKa 3 TEIIIOBO3HOIO TAT OO 4 2
EnexTpoBO3M Ha miNsHKAaX MOCTIHHOTO CTPyMY
TIPY IIBUJIKOCTI PyXy, KM/TOM;

no0 120 10 8

noHaz 120 14 12
EsexTpoB031 Ha iNITHKax 3MiHHOTO CTPYyMY:

Y piBHUHHIN YacTHHI 18 14

Y TipCBKHX paioHax 15 12
EstexTpoB0o3M Ha JiNISTHKAaX 3MILIAHOI TSTH:

Y piBHUHHIN YacTHHI 23 16

Y TipChKHX paioHax 18 14
TermmoBo3n Ha  CTaHIISIX 3 EIEKTPOTSTOIO
MIOCTIHHOTO CTPYMY 23 6
TemmoBO3W Ha  CTaHINAX 3  EICKTPOTATOIO 18 14
3MIHHOTO CTPYyMY

HeoOximne pospobinenHs equnoi  yHidikoBaHoi  moss E, BiI Bincrani. B yHidikoBaHiii Meromuii

METOIMKH, siKka O 3a0e3redyBana po3paxyHKH pagioMepex
Ppi3HOrO IpU3HAYCHHS.

[MpoBenenmii  anamiz  703BOJIMB  CHOPMYIIOBATH
OCHOBHI BUMOTH 10 YHi()iKOBaHOI METOIMKH PO3PAXYHKY
KaHAJIB TEXHOJOT1YHOTO Palio3B’ A3KY.

1. JIouiibHO  BUKOPHWCTOBYBAaTH €AWHE CIMEHCTBO
KPMBHX TIOIIMPEHHS PaIiOXBWIb Yy PI3HHX Mepexax, a
BiIMIHHOCTI YMOB OpTraHi3allii BpaxyBaTH BiJIOBiTHAMU
MIOIPaBKOBUMH KoedimieHTaMH, 110 BU3HAYAIOTD JJIsl YMOB
TIePEeToHIB 1 3aJ3HMYHMX CTaHIiH, eNeKTpu(iKOBaHUX 1
HeeNneKTpr(iKOBaHUX TIISHOK.

2.V 4YMHHHX METOIMKax HEOOXITHO BIOPSIKYBATH
CHCTEMY IIONIPAaBKOBHX KOE(QIli€HTIB, IO BPaxoBYIOTH
0COOJIMBOCTI OpraHi3allii KOXKHOI 3 MEpex.

3. IlpoBectu yHidikamiro mapaMeTpiB IMOBIPHICHHX
XapaKTEePUCTUK (QIIYKTYyaI[iHHIX MPOLIECiB.

4. Po3pobuTtH aHANITHYHY MOZEIb PO3PAXyHKIB, IO
CHPOIIY€e aBTOMATH3AIIII0 IPOEKTYBAHHSI.

VY BiIOMYHMX METOAWKAX BiIIIOBITHO A0 PEKOMEHIAIIH
ITU-R mpum pospaxyHkax JajJbHOCTI  pajiio3B’s3Ky
BHUKOPHCTOBYIOThCS KPHBI IOIIMPEHHS PaJiOXBWIb, IO
BPaxoBYIOTh 3aJISKHICTh HANPYKEHOCTI EIEeKTPHIHOTO

BHUKOPHCTOBYETHCSI €IMHE CIMEHCTBO KPUBHX ITOLIMPEHHS
pamioXBWiIb 1 BIINOBIAHI TMONPaBKOBI KOEQIIi€HTH, IO
BpPaxoBYyIOTh IIapaMETpH Ta OCOOJHMBOCTI Oprasizamii
KOXXHOI 3 Mepek. Y poOOTi 3alpoIOHOBAaHO sSIK 0a30Bi
BUKODHCTOBYBAaTH  KpHBI  IIOIMIMPEHHS  PaJiOXBUJIb,
HaBEJICHI B METOIUIIL JUTSI TIEPETOHIB 3aTi3HALE [6].
I'padixm moOynmoBaHi Ha OCHOBI  pe3yJibTaTiB
eKCTIEpUMEHTAIBHUX JIOCITI/PKEHb npu TIEBHUX
rmapaMmerpax paJxioMepex Ui yMOB IIEPETOHIB  Ha
HeelleKTpr(iKOBAaHMX IUISTHKAX 3aJI3HULb y
cepeqHbONEpeciueHiii  MicneBocti  (TMm  Tpacu  2),
XapakTepHiil i Oinbmocti perioniB Ykpainu. Kpusa /
Ha puc. 1 moOynoBaHa ajsi TOOYTKY BHCOT YCTaHOBJICHHS
aHTEH h1h2:100 M°. TloripiieHHss yMOB IOIIMPEHHS

pamioXBWiIb HA 3ali3HWYHUX CTaHIis 3aIpONOHOBAHO
BpaxyBaTH JIOJATKOBUM mapamerpom B = 51b .
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Puc. 1. ba3oBi kpuBi mommpeHHs pagioXBUIIb METPOBOTo Aiana3ony 160 MI'

IloryxHicTb  mepemaBada  IpuUiiHATA P1 =1 Br.
KoegimienT  miacuneHHs — IepefaBalbHOI  aHTEHH
G;=0ab  CTOCOBHO HaIIBXBIJIBOBOTO  BiOpartopa,

3aracaHHsA y Qizepi, mo 3'€IHye IepenaBay i3 aHTEHOIO,
JTIOPIBHIOE HYJTIO ol =01B ([1 = ()M). 3HaveHHS
HaNPY)XEHOCTI IO CHUTHay Ha Tpadikax 3a3HadyeHi B
nenubOenax BimmoBigHo no 1 MkB/M 1 MawTh Micle
nporsiroM 50 % wacy B 50 % To4YOK mpuiiMaHHSA, TOOTO
HaJi{HICTh KaHaIly Pajio3B's3Ky MO MO0 cTaHOBUTH S0 %
BHACIIIJTOK TTPOCTOPOBHX 1 YaCOBHUX (PITYKTYyaIIil.

Jl1s1 3anpoBaKEHHST aHATIITHYHOI (POPMHU PO3paxyHKIB
30H 0OCITyTOBYBaHHS HEOOXiJHO IMOJATH B aHATITHIHOMY
BUIISINI  Bel  rpadiuHi  3aJeXKHOCTI, BHKOPHCTaHI B
METOJMKaX pO3PaxyHKy. 3aIllpOIIOHOBAHO AHATITHYHY
anpoKCUMaIlilo 6a30BOi KPUBOI 3aJISKHOCTI HANPYKEHOCTI
montst Bij Bijcrani R 3a gpopmyiioro, ab,

E,, =7411-3638-1gR"". (1)

[IporionyeThcs BUKOpUCTOBYBAaTH amnpokcumanito (1)
JUI  pO3paxyHKy HANpYXKEHOCTI IoJsl B KaHalIax Ha
CTaHIisSIX 1 meperoHax. [Ipy BHKOpHCTaHHI anpoOKCHUMAIii
(1) mMoxHa BHM3HAUMTH HAmNpyry Ha BXOAI MNpHiMaya
pamiocTaHIil U, B YMOBax, i SKHX o0y I0BaHO

6a30By kpuBy. Hanpyra Ha BXoxi npuiiMaya paiocTaHmii
B yYMOBax Oprasisamii  KOHKPETHHX  paJioMepex
BH3HAYAETHCS 32 POPMYIIO0

UBX = E2a &~ anapaM _ZBTPHC _ZBiMOB, I[B,
2

IS EZa — Hapr)KeHiCTI) oJisA CUrHajly, BHU3HA4YCHA 3a

ANpPOKCUMALIIEI0 KPUBHX MOMIMPEHHS pamioxBuisb (1), nb;
g, - KOC(IIiEHT, IO BpPaxOBYE IEPETBOPCHHS

HATPY)KCHOCTI IOJISL B LIPOCTOPI E, [0 HANPYTH Ha BXOAL

mpuiiMava pajiiocTaHIii Uy b,
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A |Z
=201g| £+ |2 |,
&8 220
ze ng — xBwiboBHH omip ¢igepa, Om. 3HaueHHS

koepinienta g, s yacrorn 160 MI'm i Z =50 Om
cknagae 12 nb;

ZBnapaM — CyMa IOIpaBKOBUX KOEQili€eHTIB, 10
3ajeXatsb BiJl MapaMeTpiB nepeaaBada i aHTeHHO-(iIepHIX

MIPUCTPOIB TIEpeaBAIBHOI 1 MPUHMAaNBHOI PaioCTaHIIIH,
Ab;

Z BTpac

3aleXaTh Bl OCOOJHMBOCTEH  Tpacu
PamiOXBHIb UTSI YMOB 3a7aHOi Mepexi, 1b;

ZBiMOB
BpPaxoBYyIOTb  IPOCTOPOBiI 1
HaIPY)KEHOCTI TOJIsl CUTHAIB, Ab.

— CyMa TIOIIPaBKOBHX KOE(QIIi€HTIB, IO

MOUINPCHHSA

cyMa TIONpPaBKOBHX KOEQIIi€HTIB, IO

qacoBi  QuyKkTyamii

CKJ'Ia,HOBl TIOITPABKOBUX KOC(blH1€HT1B ZBnapaM

BHU3HAYAIOTHCS 32  TEXHIYHUMH  XapaKTepHUCTHKaMHU
BUKOPHCTaHUX pajio3acobiB [6]. B ycix wmeroamkax
PO3paxyHKy 30epira€rbcsi OMHAKOBHUI HaOip Koe(illie€HTiB

ZBnapaM , IO BPAaxOBYIOTb IIOTYKHICTb II€pcAaBayda 1

rapamMeTpyu  aHTeHHO-(iJepHUX TpakTiB nepemadi i
MpUAMaHHS.
HeobOximHo BpaxoByBatn  (akTW4HI IHapameTpu

aHTeHHo-(inepHux TpakTis i BBeCTH monpasky B, mo
BpaxoBye BiIMIHHICTh (paKTHYHOI MOTYKHOCTI IepeaBayda
P Bix noryxuocri P,=1 Br, npuitnaroi npu noGynosi
rpadikiB KpUBHX MOMIMUPEHHS PaioXBUIIb, 1b,

P
1

Bucornuii koediuient By Bpaxosye BimmiHHiCTB

HO6yTKy BHUCOT YCTAHOBJICHHS aHTCH hlhz Bi,H 3HAa4YCHHA

100 M°, NpHHHATOrO HpH TOGYIOBI KPHBHX MOIIMPEHHS
pamioxBwib [6], nb,

hh
B, =20lg——2.
h 7100

(4)

CKJ'Ia,HOBl TIOITPABKOBUX KOG(blH1€HT1B Z BTpaC

BPaxoBYIOTh BIUIMB PENbEQY MiCLIEBOCTI, KOO0 IPOXOANUTH
Tpaca pajio3B’si3Ky, i 3MEHIICHHS HalpY)KEHOCTI OIS B

3ami3HUYHI CTaHNii PO3TANIOBYIOTHCS Ha PIBHUHHHX
IITHKaX ~ MICIIEBOCTI, ajie HeoOXiHO BPaXOBYBaTH
HasIBHICTh 3a0ylOBH MICBKOTO THITy 1 3HAaYHHH BIUTUB
MIPUCTPOIB KOHTAKTHOI Mepexi Ta pyxomoro ckiaxmy. Lli
0CcOOIMBOCTI BpaXoBYrOTECA Honpaskow B, =51b.

Mg ymoB craHmiit y dopmynmi (2) npu po3paxyHKY
nonpasok ) Bipac npuiimaiots Bpe,=0 1B sk ms tpac
JIPYroro THUITYy 32 HasBHOCTI BIUIMBY TEXHIYHUX CIIOPYA 1
pyxomoro ckman. Ha meperonax 3ami3HHIB HEOOXiTHO
BpaxoOBYBaTH OINBINNI BIUIMB OCOONUBOCTEH pembedy
micueBocti  Bpes; Ha  Tpacax  pisHoi
(tabm. 2) [5].

Ha cranmisx enekTpuikOBaHUX MUISHOK 3aITi3HUIh
HasIBHUI 3HaYHUH BIUIMB MPUCTPOIB KOHTAKTHOI MEpexi Ta
nonatkoBux cnopyn, tomy B, =8nb. Ha neperonax

CKJIAIHOCTI

BIUIMB MPUCTPOIB KOHTAKTHOI MEPEXi iCTOTHO MEHIIIE, IO
3HAXOIWTh  BiMOOpaXCHHS B  MCHINUX  3HAYCHHSIX
xoediuientis By, =1 1b nns onnoxoniitnux a6o 2 ab s
JIBOKOJIIMHUX JIJITHOK [6].

3ame)kHO BiJ MiCI pPO3TAIlyBaHHS JIOKOMOTHBHOI
aHTCHH Ha Jaxy eJIeKTPOoBO3a KOC(IIiEHT 3MEHIICHHS

PiBHS CHTHAIY B{7 Mae pi3Hi 3HaueHHs [5]. ¥V Halripmmx

YMOBax MAaHEBPOBOTO palio3B’sI3Ky IS MEpekK Ha
CTaHUSIX B | = 9 1B -

3HavyHa KUIBKICTh aOOHEHTIB MEpEeX paiio3B’s3Ky Ha
CTaHIIAX KOPUCTYIOTHCS HOCHMHUMH  pajiozaco0amu.
[Mompasky BpH , 10 BPaxOBYE MOTIPIICHHS YMOB 3B'S3KYy

B KaHajlax 3 HOCHMHMH PpAJiOCTaHLIsIMM, NPHUAMAIOTh
piBHOIO BpH = 4 nb Ha HeenekTpu(iKOBaHUX MUISHKAX 1

BpH = 2 nb Ha IUIAHKAX 3 €JICKTPOTATOO [6].

HampyxeHicth 1ojist cuTHay B MeEpexax pyXOMOro
Pamio3B's3Ky € BHITAJKOBOIO BEIUYMHOIO 33 MicleM i
4acoM 1 BpaxOBYETHCS IIONPABKOBHM KOe(iIlieHTOM
ZBiMOB' IMpn anamizsi mpocropoBux  (iyKTyamin
HaNpY)XEHOCTI MOJsl B KaHAJlaX PYXOMOTO pajio3B’s3Ky
PO3PI3HSIOTH IIBHUJIKI 1 TOBUIbHI 3aBMHUPAHHS CUTHATY. Y Ci
pizHOBHAM (UIYKTyallifHAX IIPOLECIB € HE3IC)KHUMHU 1
iXHIi CIUIBHUH BIUIMB BHM3HAYAIOTh 33 CYMOIO OKPEMHX
MTOKa3HHUKIB [8].

Habip koedimienTiB, MO BHU3HAYAIOTH IMOBIPHIiCHI
XapaKTEepUCTUKU CUTHAJIIB (HamilHIiCTH KaHaJliB

pamioss'ssky o nomo) 2Biyos, v kananax TIP3 Bpaxosye
0COOJMBOCTI Tpac pi3HOI CKIQJHOCTI, a I KaHANIB,
OpraHi30BaHWX HAa TEPUTOpIi 3ali3HUYHUX CTaHLiH, HOro
MTOJJAHO SIK OIMH EKBIBAJICHTHUH KOeilieHT B;.

o6 mo30yrucst rpadoaHaNITHYHHX IIXOMIB Y
METOAMKaX [5, 6] Mpyu BU3HAYCHHI TOKA3HUKIB HAMIHHOCTI
padioKaHaIIB MO TMOJI0, 3aIPOIIOHOBAHO €IWHUHN MiIXix y
BCIX BHUIIAJKaX.

pe3y/IbTaTi BIUIMBY KOHTAKTHOI MEPEXi 1  KOpIycy 3Ha4YeHHs CUrHANYy 3 HEOOXi[IHOW  HaIiHHICTIO
pyxoMoro 00’€eKra. BHM3HA4alOTh 3 ypaxyBaHHAM Iapamerpa B(p)
28 IKC3T, 2023 Nel
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B(p)=0c-K, (5)
ne O — CepeHbOKBAIPATHYHE BIiIXWICHHS 3HAYCHHS
HAIpPYXEHOCTI ITOJIS;

K — xoediuienr norapudmidHO  HOPMAIBLHOTO

PO3MIOAILTY, 1110 BIINOBIA€ HEOOXIAHIN HAIMHOCTI 3B’ SI3KY
(tabm. 3) [8].

Buxopucranas ¢popmynu (5) BUKIIOYAE HEOOXiAHICTD
KOXXHOTO pa3y 3BepTaTHCh A0 TpadikiB iHTErpajbHUX
GYHKLIH pO3MOAUTYy pIBHIB CHUTHATIB 3aJISKHO Bij
HA/IIAHOCTI pajlioKaHAITY TIO MOJTO.

Po3paxyHkoBe 3HaYeHHS CepeIHbOKBAAPATHIHOTO
BIIXWICHHS O JUIS PI3HUX YMOB HAaBE/IEHO B TalI. 4.

Tabmurs 2
3HaveHHS MONPABKOBUX KOe(illicHTIB 3aJIe5KHO BiJl TUIIY TPacH
Tun Tpacu 1 2 3 4 5
Bpeﬂ, ab 3’4 0 - 3,4 - 6,8 - 10,2
o 1,8 2,6 3,3 3,9 4,9
Tabmur 3
3HaveHHd iMOBipHiCHMX KoedinicHTIB HANIHHOCTI 3B’ A3KY
S(p) 0,5 0,6 0,7 0,8 0,9 0,92 0,95 0,98 0.99
K 0 0,253 | 0,524 | 0,842 | 1,282 1,4 1,65 2,05 2,326
Tabmums 4
Po3paxyHkoBe 3Ha4YeHHS CepeHbOKBAAPATHYHOI 0 BiXWIeHH (PIyKTYyamii
. . . Oprasisanis . Cepez[HL.OKBaz[paangeU: quez[HLOKBaz[paanHe
JinsHKa 3ami3HULI MEPEK BiJXIJICHHS 1HTep(hepeHIIHHIX BIJIXMJICHHS YaCOBHUX
P duykryariit duykryariit
HeenexrpudikoBana | Ileperonn 1,3 1,8
Cranuii 3,1 - |
EnexrpudikoBana [leperonn 4,4 1,8 |
Cranuii 5,2 - |

JanpHIiCTh pamio3B’s3Ky MOXKHA BU3HAYUTH IIIIXOM
Oe3nocepemboro pospaxynky 3a ymopu U, =U, . .

3HaueHHs NATbHOCTEH pajio3B’si3Ky, BH3HAYCHUX 32
PO3pO0ICHOO yHi(hiKOBaHOO METO/IUKOIO Ta
rpadoaHaTITHYHUMUA ~ METOJAMU  BiJOMYHX  METOJHK,
MPAKTUYHO 30iraroThCA.

BucHoBku

Ha cporogni po3paxyHOK 30H OOCIYroBYBaHHS B
Mepexax  NOI3HOro,  CTaHLIHOrO 1  PEeMOHTHO-
OIEPaTUBHOTO PaJio3B’sI3Ky 3HIHCHIOETBCSA 3a PI3HUMU
HOPMATHUBHO-TEXHIYHUMH  JOKYMEHTaMH, Xo4a [pH
pO3paxyHKaX TEXHOJOTIYHI BiJMIHHOCTI PaIiOMEpex He
MAaIOTh PUHLIMIIOBOTO 3HAYCHHS.

Po3pobneno yHidikoBaHy Mojelb, 1m0 0a3yeThCs Ha
Marepialiax ~ YMHHMX  BIIOMYMX  METOOHMK,  ajie
BUKOPUCTOBYE €IWHE CIMEHCTBO KpPUBHX MOIIMPCHHS
PaioXBUIb.

OcoOmuBOCTI yMOB Opraizamii KOXHOI 3 MeEpex
ypaxoBaHI ~ CHCTEMOIO  BIJIOBIJHUX  IOMPABKOBHX

KOe(IIliEHTIB, 110 JO3BOJISIOTH 3a0€3MEUUTH 1CHTUIHICTh
Pe3yIbTaTiB PO3PAXyHKIB JAIBHOCTI Paaio3B’sI3Ky.

3anponoHOBaHO AHANITUYHY anpoKCHMalilo 0a30BOl
KPHBOI Ta BH3HAYEHO aHANTHYHY GopMy s
HMOBIpHICHUX TTOKA3HHKIB (DITYKTYaIlii.
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Yelizarenko A. O. Unified method of calculating
service areas in railway technological radio
communication networks.

Abstract. When organizing mobile radio communication
systems, the definition of service areas of radio networks is
of great importance. The radio communication sector
within the International Telecommunication Union (ITU-
R) coordinates research and development of
recommendations on the calculation of mobile radio
communication channels.

Currently, the Okamura-Hata model and the
calculation method according to the recommendation of
ITU-R P.1546 are the basic ones for solving practical
problems of forecasting signal levels in mobile radio
communication channels. Known methods of calculating
public mobile radio communication channels do not take
into account the specifics of the impact of railway
infrastructure on technological radio communication
channels.

Departmental normative documents on the calculation
of train, station and repair and operational radio
communication channels have been developed for railway
transport. Railway methods are built on the basis of

statistical models of the propagation of radio waves in
railway conditions and take into account the
recommendations of the International Telecommunication
Union.

When calculating the energy characteristics of radio
channels, the technological differences of radio networks
are not of fundamental importance. The radio frequency
bands used, the conditions of radio network organization,
and infrastructural features are important. The work solves
the problem of developing a unified methodology. An
ordered system of correction coefficients, which allows
taking into account the conditions of the organization of
each of the networks. In order to avoid grapho-analytical
methods, analytical expressions for all components of the
methodology are proposed. The analytical form simplifies
the automation of calculations and allows to increase their
accuracy.

Keywords: railway technological radio communication,
energy characteristics of radio channels, service areas,
calculation of radio communication range.
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