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2. Methods of providing the reliability of fiber-optic communication lines at the design and operation stages

Pedepar:

1. O6’eKT mocCmiIKeHHs — MPoLeC 3a0e3Me4YeHHs HaitHOCTi BOJIOKOHHO-ONTUYHUX JIiHi} 3B'13Ky. [IpenmeT
IOCJIIKeHHS — MeTOAM Ta CIIocoby 3abe3rnedeHHs] HaZiltHOCTI BOJIOKOHHO-ONTUYHUX JIiHil 3B'13Ky. MeTonu
nocimkeHHs. [lyisi po3B’a3aHHS [TOCTaBJIeHUX 33/1a4 Y poOOTi BUKOPUCTaHO: METOAU Teopii JIiHil epeaBaHHS,
METOJY TeOopii NPY>KHOCTi, METOY MAaTEMAaTUYHOI CTaTUCTUKK, METOIU Teopii IMOBIpHOCTI, MeTou LIU(POBOTO
MoOJeM0BaHH. [lucepTallis NprucBIYeHa HayKOBO-TIPAKTUYHIl Tpobsemi — MeToziam 3abe3rnedeHHs HaJiliHOCTi
BOJIOKOHHO-ONTUYHMUX JIiHii1 38’13Ky (BOJI3) Ha eTanax NpoeKTyBaHHA Ta eKcIulyaralii. PO3BUTOK Teopii
3abe3nevyeHHs HagiltHOCTi cydyacHux BOJI3 Ha eTanax >KUTTEBOTO LIUKJTY BOJIOKOHHO-OIITUYHUX CUCTEM
nepenasanHs (BOCII) 103BOMB BUPIMIUTU Psf, 33724 Ta PO3POOUTH METOIM: — 6AaraTOKPUTEPiaTbHOI ONTUMI3ALLil
MOJYJIbHOI KOHCTPYKLii onTu4HOro Kabeso (OK) Ha OCHOBI BUSIBJIEHUX KPUTEPIiiB CTPYKTYpHOI Ta NapaMeTPUYHO]

onTuMizallii MoJiesiell 6araTorIOBUBHOT'O OCepisl Kabeslto, SIKi JO3BOJIWIIY 3[iMCHIOBATY Ha eTalli IPOEKTYBaHHS



BOJI3 obrpyHTOBaHUI IPUCKOPEHNI BUOIp KAOEJI0 ONTUMAaJIBHOI MOJieJli OAHOYACHO 32 TEXHIUYHOIO Ta
€KOHOMIYHOIO e(eKTUBHICTIO; — YJOCKOHAJIEHHS BUOOPY CUJIOBUX €JIEMEHTIB OJIHOIIOBUBHOI KOHCTPYKLii OK Ha
OCHOBi BCTaHOBJIEHUX 3aJIE;KHOCTEN JOIYCTUMUX PO3TATYBaJIbHUX HABAHTAXKEHD Ji€JIEKTPUYHUX LIEHTPAJILHOIO Ta
nepu@epiiHOro CUJI0BUX €JIEMEHTIB KabeJIIo Bif FEOMETPUYHOTrO PO3MIpY LIEHTPAJIbHOTO eJleMeHTa. Lle 1o3Bosisie
31iMICHIOBATU Ha eTani npoekTyBaHHs1 BOJI3 npuckopenuit Bu6ip mozesi OK 3 oNTUMasbHUMU CUJIOBUMU Ta
IHIIMMU KOHCTPYKTUBHUMMU €JIEMEHTAMU; — OL[iHKA TEPMOMEXaHIYHOTO BIIJIMBY YMOB €KCILIyaTallii Ha TeOMETPUYHi
poamipu i napametpu oceps OK, sikuil BpaxoBye BifHOCHI 3MiHM foBXMH OB Ta Kabesito pu il TemnepaTypH i gae
MO>KJIMBICTb OLIIHUTH Ha eTari mpoekTyBaHHs BOJI3 3MiHM MeXaHIYHMX ITapaMeTpiB Kabesio MPY eKCITyaTalii; —
KOHTPOJIIO UMOBIPHICHUX ITOKA3HUKIB HANIIMHOCTI JIiHiHNX cniopyz, BOJI3 npu noyatkoBOMy TEPMiHi €KCITyaTanii
L7151 OLIHKU T€XHIYHOTO CTaHy iX eJIeMEeHTIB Ta ONTUMi3allilo 0OCIyrOBYBaHHS JiHill (parMeHTiB TPAHCIIOPTHO]
€JIEKTPOHHOI KoMyHiKaliitHoi Mepexi (TEKM) 3B's13Ky; — KOHTPOJIIO MEXaHIYHOTO CTaHYy BOJIOKHA Ji€JIEKTPUIHOTO
camoyTpuMHOro OK 711 MOHITOPUHIY iX 3MiH; — BU3BHAYE€HHS MiCIi PO3TallyBaHHS 3allaCHUX YAaCTUH, IHCTPYMEHTIB
ta npuanp (3II1) 3a: a) BifcTaHHIO MDX By3J1aMU Ta iHTeHCUBHICTIO BigMoB BOJI3; 6) cyMapHUM 4acOM BiJHOBJIEHHS
3B'S13Ky Ta Koe(illieHTOM rOTOBHOCTI J151 KOpEeryBaHHs Miclist po3ramyBaHHs 3IIT nigpo3ainamu TexHiuHOI
eKcIuTyaTanii i yIocKoHasleHHsI TEXHIYHOTO O6CIyrOByBaHHS MepesKi 3B's13Ky. YI0CKOHAIEHO MTOCIiIOBHICTD
[IPOEKTYBaHHS CyMapHUX [TOKa3HUKIB HaxiiHocTi BOJI3 a6o BOCII 1151 mpoBeieHHS OL[iHKY ITapaMeTpiB ix
HAJiTHOCTI Py NPOEKTYBaHHI Ta eKkciulyaTalii. OTpuMaHo 6ibll JOCTOBIpHI pO3PaxXyHKOBI 3HaY€HHS CEpefHixX
eKCIUlyaTalilHMX OKa3HUKIB gKocTi po6otu BOJI3 (o, omakc, oMiH, tcus3) TEKM 3B'13Ky B pi3HUX KJIIMAaTUYHUX
parioHax KpaiHu /s MifgBUILeHHS] TOYHOCTI BUBHAYEeHHS N0Ka3HUKIB HazitHocTi BOJI3 a6o BOCII mpu ix
IIPOEKTYBaHHI Ta eKcITyaTauii. ¥ 1izomy, pe3ysabTati po3po0oK B fycepTallii J03BOJINIA CTBOPUTH KOMILJIEKCHI

TEOPEeTUYHi Ta NPaKTUYHI Miaxonu Ao 3abe3nedeHHs HagiiHocTi BOJI3 npy NpoeKkTyBaHHI Ta eKCIIyaTali.

2. The object of research is the process of ensuring the reliability of fiber-optic communication lines. The subject
of research is methods and ways of ensuring the reliability of fiber-optic communication lines. Research methods.
To solve the problems set in the work, the following methods of transmission line theory, methods of elasticity
theory, methods of mathematical statistics, methods of probability theory, methods of digital modeling were used.
The dissertation is devoted to a scientific and practical problem — methods of ensuring the reliability of fiber-optic
communication lines (FOCL) at the design and operation stages. The development of the theory of ensuring the
reliability of modern FOCLs at the stages of the fiber-optic transmission system (FOTS) life cycle has allowed to
solve a number of problems and develop methods: — multi-criteria optimization of the modular design of the
optical cable (OC) based on the identified criteria of structural and parametric optimization of models of the multi-
layer cable core, which allowed to carry out a justified accelerated selection of the cable brand at the design stage
of the FOCL simultaneously by technical and economic efficiency; - improvement of the selection of the strength
elements (SE) of the single-layer optical cable design based on the established dependencies of the permissible
tensile loads of the dielectric central strength element and peripheral strength elements of the cable on the
geometric size of the central element. It allows to carry out an accelerated selection of the OC brand with optimal
strength and other structural elements at the design stage of the FOCL; - assessment of the thermomechanical
impact of operating conditions on the geometric dimensions and parameters of the OC core, which takes into
account the relative changes in the lengths of the OF and cable under the influence of temperature and makes it
possible to assess at the FOCL design stage changes of the mechanical parameters of the cable during operation; -
control of probabilistic reliability indicators of FOCL linear structures during the initial period of operation to
assess the technical condition of their elements and optimize the maintenance of lines in the transport electronic
communication network (TECN) fragment; - control of the mechanical condition of the dielectric self-supporting
OC (DSOC) fiber to monitor their changes; - determination of the location of the spare parts, tools and equipments
(SPTE) by: a) the distance between the nodes and the intensity of FOCL failures; b) the total time of communication
restoration and the readiness coefficient for adjusting the location of the SPTE by technical operation units and
improving the technical maintenance of the communication network. The sequence of designing the total
reliability indicators of FOCL or FOTS has been improved to assess the parameters of their reliability during design
and operation. More reliable calculated values of the average operational indicators of the quality of FOCL



operation (o, omax, omin, tatcr) of TECN in different climatic regions of the country have been obtained to increase
the accuracy of determining the reliability indicators of FOCL or FOTS during their design and operation. In
general, the results of the developments in the dissertation have allowed to create comprehensive theoretical and
practical approaches to ensuring the reliability of FOCL during design and operation.
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