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AHOTALIA

AxrtyanbHicTh po6oTu. Ha 3amizuunsx Ykpainu enekTpudikoBaHi JUITHKA
ckinamaroTh  Onm3eko 50 %  ekcrutyaTamiiHOl  TOBXHMHM — 3aNi3HUIL  aje
3a0e3meuyroTh 80 % BaHTa)000iry 3ani3HuIb. Bucoka eheKTUBHICTE JOCATaEThC
3a paxyHOK MiABHIIEHHS IIBUIKOCTI IepEeBE3€Hb Ta IPOIYCKHOI CIIPOMOXKHOCTI
ninsgHok. B poOoTi po3polbiieHi Mpomo3ullii 3 opraHizaiii KOMIUIEKCY Mepex
TEXHOJIOTIYHOTO pafio3B’s3Ky Ha BaHTAXOHANPYXEHOI IUISHLI 3ai3HULI

eNneKTpuGikoBaHOT 3MIHHUM CTPyMOM, TOMYy TeMa poOOOTH € BaXJIMBOIO 1

aKTyaJIbHOIO.

Kmiouosi cmosa: TEXHOJIOTTYHMIM PAIO3B’A30K, JAJIbHICTH
3B’3KY, [HIYCTPIAJIBHI PAJITIO3ABA/IN, HAJIIMHICTH
PAJIIOKAHAIJLY.

Meta po60oTH — pO3poOKa TEXHIYHUX MPOIO3UIIIH 3 OpraHizarii KOMILIEKCY
MEpEeX TEXHOJOTIYHOTO paio3B’s3Ky Ha BaHTAXKOHAMPYXKEHO! MUISHII 3ai3HMUII
eNeKTpU(iKOBaHOI 3MIHHUM CTPYMOM.

O6’ekT aocaiIKeHb — Oprafizailis MepeXX 3aJII3HUYHOTO TEeXHOJOTIYHOIO
pamio3B’sI3Ky 3 PyXOMUMHU 00’ €KTaMH Ha eJeKTpUpIKOBAHUX 3aJi3HUIISX.

BigomocTi mpo poGoTy: cTaHOBHUTH: 63 CTOpPIHKM JPYKOBAHOTO TEKCTY.
Po6GoTa MICTUTB BCTYTI, 3 pO3MIiIH, BACHOBKHU Ta CIIMCOK BUKOPUCTAHUX JKEpeT.

Po3ninu xBasigikaniiHoi poOoTH.

B mepiromy po3misii BUITYCKHOI pOOOTH PO3MISHYTI MPU3HAYEHHS, CKIIaT
aOOHEHTIB Ta MPUHLUNKA MOOYIOBU MEPEX MOI3HOTO Ta PEMOHTHO-OIIEPAaTUBHOIO
pamio3B’sI3Ky Ha BaHTKOHANPYKEHUX TITITHKAX 3aT13HHUIb.

B npyromy po3miii poOOTH BHUKOHAaHI PO3paxyHKH HaJbHOCTI JIHIMHMX
MepeXX pamio3B’s3Ky 3 BUKOPHCTAHHSIM XBHJIEBOLHOIO IMpoBoAy Ta Mepex YKX
Jliara3oHy.

V TpeTboMy PO3Iiii pO3TITHYTO CyMapHy Jif0 3aBafy BiJ PI3HUX JKEpen Ta

iX BigmosigHicTs meprkaBHUM HopMam. OrliHeHa e(QEeKTHUBHICTH BUKOPUCTaHHS
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3aBaZI03HIKYIOYUX MPUCTPOIB Ha TSATOBOMY PYXOMOMY CKJaji Juisl 3a0e3neueHHs
JKOCTI KaHalliB TEXHOJIOTIYHOTO pajio3B’s3Ky. BusHadeHi MiHIMagbHI piBHI
KOPUCHUX CUTHAIIIB

Mertoau mociuimkeHHs. Merogu Teopii MOMMpEHHS pPagiOXBHIb; Teopil
MOBIpHOCTE Ta BHIQJKOBUX IIPOLECIB; METOAU Teopil HaAIMHOCTI, Teopii
eJIEKTPOMAarHiTHOI CyMiCHOCTI.

Pexomenganii mox0 BUKOPHCTAHHSI Ta pe3yJbTaTH BIOPOBaIKeHHs. B
poboTi BHW3HAUEHI piBHI 3aBajJl, B pe3ylbTaTi CyMmapHOi Oii yciX JXepel Ta
BiATMOBIAHICT, HOpMaM. Bu3HaueHi MiHIMaiabHI piBHI KOPHUCHHUX CHUTHANIB MIJIS
MEpeX TEXHOJOTIYHOTO palio3B’sI3Ky, sKi 3a0e3MedyroTh HEOOXiTHYy SKiCTh
MPUHOMY CHUTHAIB MPHU Il IHAYCTpiaTbHUX pamio3aBad. Pe3ynbTaTu TOCHTiIKEHHS
MOXYTh OyTH BHKOPUCTAaHO IIpU IPOEKTYBaHHI Ta BIPOBAKEHHS CydaCHHUX

IIU(GPOBUX CUCTEM TEXHOJIOTIUHOTO Paio3B’I3KY.




ABSTRACT

Relevance of the work. On the railways of Ukraine, electrified sections
make up about 50% of the operational length of the railways but provide 80% of
the railway freight turnover. High efficiency is achieved by increasing the speed of
transportation and the throughput capacity of the sections. The work develops
proposals for the organization of a complex of technological radio communication
networks on a freight-loaded section of the railway electrified by alternating
current, therefore the topic of the work is important and relevant.

Keywords: TECHNOLOGICAL RADIO COMMUNICATION,
COMMUNICATION RANGE, INDUSTRIAL RADIO INTERFERENCE,
RADIO CHANNEL RELIABILITY.

The purpose of the work is to develop technical proposals for the
organization of a complex of technological radio communication networks on a
freight-loaded section of the railway electrified by alternating current.

The object of research is the organization of railway technological radio
communication networks with mobile objects on electrified railways.

Information about the work: consists of: 63 pages of printed text. The
work contains an introduction, 3 sections, conclusions and a list of sources used.

Sections of the qualification work.

The first section of the final work considers the purpose, composition of
subscribers and principles of building train and repair and operational radio
communication networks on load-stressed sections of railways.

The second section of the work calculates the range of linear radio
communication networks using a waveguide wire and VHF networks.

The third section considers the total effect of interference from various
sources and their compliance with state standards. The effectiveness of using

interference suppression devices on traction rolling stock to ensure the quality of

Y




technological radio communication channels is assessed. The minimum levels of
useful signals are determined.

Research methods. Methods of the theory of radio wave propagation;
probability theory and random processes; methods of reliability theory,
electromagnetic compatibility theory.

Recommendations for use and implementation results. The work
determines the levels of interference resulting from the total action of all sources
and compliance with standards. The minimum levels of useful signals for
technological radio communication networks are determined, which ensure the
required quality of signal reception under the influence of industrial radio
interference. The results of the study can be used in the design and implementation

of modern digital technological radio communication systems.




3MICT

[TOSHAUEHHSA TA CKOPOUEHHS. ..o 6
B VIS s v e b i B L oo e 13 s s o oo § g s i 7
1.PO3POBKA MEPEX TEXHOJIOI'TYHOI'O PAZIIO3B’A3KY

HA. JIEARL SAMISEIATIL o . csnsndnis ftim oo smussniss oo s sioime nens o 5 ok acs st s s 4 e 50 9
| ORNC £ o119 0 0:370.Y ) 1 Z (A0 9
1.2.  Oprasxizamiss Mepex MOT3HOTO PATIO3B ABKY ... v uerennreenneenreaneenneansennns 11
1.2.1. JIiHIAHI MEPEX1 MOTZHOTO PAITIO3B MBKY ..t v nvereenuianeennenreeneansennensenns 11
1.2.2. 30HHI MepeXi MOIZHOTO PATIO3B ABKY .. uvvvernreernrennneeeneeanseanenneannnsn 16
1.3. Oprasizaiiis Mepexx peMOHTHO-OIIEPATUBHOTO PATIiO3B’ I3KY.......v.e..ee. .. 13
2. PO3PAXYHOK MEPEX TEXHOJIOITYHOI'O PAJIO3B’A3KY............. 24
2.1. Po3paxyHOK JambHOCTI JIT JIHIMHIX MEPEK. ... eeeenrrreeeaneeennarennneennnnns 24

2.2. Metoauka po3paxyHKy JallbHOCTI palio3B’ I3Ky

MEPIEIR. WX, T 5o s s ' Aok s e o i 18 e o S o b b 29
2.3. Po3paxyHOK HaBHOCTI PAHIO3B SIBKY . .« uveutenttentenneenneeneensenneasaneansnns 35
3. JOCJIIJDKEHHA IHAYCTPIAJIBHUX PAIIIO3BABA/. ....cvviivvieeeene . 43
3.1. Dxepena iHgyCTpiaNnbHUX pafio3aBa] Ha eNeKTPUQiKOBAHOMY

3ATIZHUTHOMY TPAHCTIOPTL. -+ttt vtenteteeniin et eteente et enteensanteeneenneeneeneerenann 43
3.2. OrniHKa 3aBaYKAIOUOT i1 PATIOBABAI. ..t vvevrereenaseneeneeneeaneenearneeneenennns 51
3.3. 3aBalO3HMKYIOUI IPUCTPOT EIEKTPOPYXOMOTO CKITAIY .+ e vreenrrernreareannnnn. 54
N R | b s vl s P i IS St o, ors e s o s s S iy i s 58
CIITMCOK BUKOPUCTAHUX JUKEPEJL......coviiiiiiiiiiiiiiiieee e 59
) RO s il s o s e e T et AT R o e B s s i, ok 60 5 s 3 b oSl e 62



CITMCOK BUKOPUCTAHMX JUKEPEJI

1.  KonTakTHa Mepexa eleKTpu(IKOBAaHUX 3ali3HUIb. YJIAIlITyBaHHS
KoHTakTHOI Mepexi. / [psxoB B.O., bocuit J[.O., AntonoB A.B. — Jlnimpo:
BunasauntBo [1® «Cranmapr-Cepsicy, 2017. — 228 c.

2. IlpaBuna TexHIYHOI eKCIUTyaTallli 3ali3HULL YKpaiHu. MiHICTepCTBO
TpaHcnopty Ykpainu. [IPb 0004. — Kuis, 2007.

3. IlpaBuia opranizamii Ta pO3paxyHKy MEpeX IOI3HOTO paIio3B’s3Ky
[TII-0058. Jlep>aBHa aaMiHICTpallil 3ali3HUYHOTO TPAHCIOPTY YKpaiHu
Vipaanizuui. Kuis-2009.-123 c.

4. PamioTexHiuHI CHCTEMM 3ali3HUYHOTO TPAHCIIOPTY: HaBYAIbHUIHA
noci6buuk / C. B. [lanuenko, C.1. [Ipuxonsko, A. O. €nizapenxo, H.A. Kopoiroga.
—XapkiB: YrkpIY3T —2024. 145c.

5. IlpaBmna excruryararii MOI3HOTO pamio3B’s3Ky: 3aTB. HaKa3oM
Hep>xaBHOi aaMiHicTpallii 3alli3HUYHOTO TpaHcrnopTy Ykpainm Bim 24.09.2007 p
No452-11. KuiB — 45 c.

6. €mizapeHko A.O. IlepcnekTuBHI HampsSMKU PO3BUTKY 3aJTi3HHUYHOIO
TEXHOJIOTIYHOTO panio3B's3ky: Koncnekr nekiint. —Xapkis: YxpJIY3T, 2019. 57c¢.

7. Standard ETSI 102361-1 v1.4.5. Elektromagnetik compatibility and
Radio spectrum Matters. Digital Mobile Radio (DMR) Systems. Partl. DMR AIR
Interfase protocol — France. ETSI, 2007.

8. [InaH  BUKOpPUCTaHHS  paglod4acTOTHOTO  pecypcy  YKpaiHwu,
zatBepmkeHuit [loctanoBoro Kabinery MinictpiB VYkpainu Big 09.06.2006 p.
Ne815. bromerens HartioHanbHOT KOMICIT 3 TUTaHb PEryIIOBaHHS 3B’ 53Ky YKpaiHU.
K.: Ne6 wepBens 2006 p., 174 c.

9. TpaHkiHTOBI Mepexxi 3ali3HUYHOTO Pajio3B’s3Ky: HaBYAIbHUHN MOCIOHUK /
O.B. €mizapenxo, A.O. €nizapenko, B.IIL. ITonskos, K.A. Tpy6uaninoBa; Xapkis,
YxpIA3T — 2007. 114c.

%@




8

10. Tonuapenxko B.l. €guna nmardopma s opradizamii LHUGPOBOTO
TEXHOJIOTIYHOro pafnio3B’s3ky craHmapry DMR / T'onuapenko B.I., Kapnin B,
Mensenes . // Ykpaincbka 3anizaung. — 2018. Nel1-2. C.20-26.

11.  JACTY 4184:2003. PagiocTaHIlii 3 KyTOBOIO MOIYJISIIEI0 CYXOAITBHOT
pyxomoi ciyx6u. Kracubikamis. 3aranbHi TexHIYHI BHMOTH. MeToau
BuMiproBaHHs. 2003— 50 c.

12. MixHapogHuil croeumialbHUN KOMITeT 1O pamgio3aBamgaM. URL:

https://www.iec.ch/dyn/www/{f?p=103:7:FSP ORG ID:1298

13.  MixnaepxaBuuit cragmapt. [OCT 34076-2017. Hopmu Ta mpaBuia
obnagHaHHS 3ali3HUYHOTO pPYXOMOIO CKJIaay 3aco0aMd pafio3B’s3Ky Ta

3aBaIO3HIKYIOUUMHE TPUCTPOSIMH.

14. ETSI EN 300 113-1 VI1.7.1 (2011-11) European Standard
Electromagnetic compatibility and Radio spectrum Matters (ERM); Land mobile
service; Radio equipment intended for the transmission of data (and/or speech)
using constant or non-constant envelope modulation and having an antenna
connector; Part 1: Technical characteristics and methods of measurement

15. JCTY CISPR 11 2007 .EnextpomartitHa cymicHicTh. OO6nagHaHHS
IPOMUCIIOBE,HAYKOBE ~ Ta  MeIWYHE  pPaJiovacTOTHE. XapaKTepUCTHKH
eJlekTpoMarHiTHuX 3aBaja. Hopmu ta metoqu BumiproBanus (CISPR 11 20041DT).

16. €nizapeHko A.O. 3abe3neyeHus He0o0X1THOT HaIIHHOCTI
(GYHKIIIOHYBaHHS KaHaJIB 3aJi3HUYHOTO TEXHOJOTIYHOro panio3s’sisky / A.O.
€nizapenxo // IHdopMmaliiHO-KepyIOUi CUCTEMH Ha 3alli3HUYHOMY TPaHCIIOPTi. —
2016, Nol, C.41-47.

17.  HCTY BA2.4-42009 OcHOBHI BUMOTM IO IMPOEKTHOI Ta pobouoi

JOKyMeHTAaIli].

e




