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Pedepar:

1. TpuBana excryaTallis TPAaH3UTHOI FA30TPAHCIIOPTHOI CUCTEMHU B yMOBaX HEIIOBHOTO 3aBaHTAKEHHS Nepebadae
yacTi 3MiHM 06CSTiB TPAHCIIOPTYBaHHS a3y, 10 BUKJIMKA€E HEOOXiIHICTh B ONlepaTUBHOMY IIPOTHO3YyBaHHI
CTalliOHAPHUX PEXKUMIB pOOOTU cUCTEMU. [1J1s1 IPOTrHO3yBaHHS OBEAiHKM CUCTEMU TPAHCIIOPTY razy B yMOBax
3MiHM PEXUMIB eKCIITyaTalii BaXKJIMBO OLiHUTY CTaH TPYOOIIPOBO/IB i KOMIIPECOPHUX CTaHIIiil 3 METOI0 BUOOPY
ONTUMAJIBHOTO PEXXMUMY eKcIlTyaTanii. Taka 3azjaya Bumarae poBeeHHs 1€TaJIbHOTO OOCTEKEHHS €JIEMEHTIB
ra3oTpaHCIIOPTHOI CUCTEMH, 10 Nlepedadae 3HauHi BUTPATU yacy. ToMy akTyaJlbHUM NMUTAHHSIM € CTBOPEHHS

CIIpOmE€HNX METOOUK OI_LiHKI/I I‘i,ﬂ,paBJ’[i‘-IHOI‘O CTaHy ra30TpchnopTHo'1' CHCTEMU i OTIEPATUBHOTO ITPOTrHO3YBAHHS



CTallioHapHUX peXuMiB ii ekcrtyaranii. MeTolo guceprauiiiHoi po60TH € po3po6Ka 3axX0iB MiABULIEHHS
eeKTUBHOCTI TeXHIYHOT'O 0OCIYTOBYBaHHS i pEMOHTY JIiHIIHOI YaCTUHM MariCcTpaJbHUX ra3olpoBOIiB B yMOBaX ixX
HETIOBHOT'O 3aBAaHTaKEHHS 32 PAXyHOK CBOE€YACHOTO BUSBJICHHS 1 JIOKali3alil aBapiiHUX CUTYaLlii, IPUNAHSATTS
palioHaJIbHUX pillleHb B XOAi eKCIulyaTalii. Po3risgaoTbCsl IPUHLUIY BU3HAUYEHHS [10SIBU aBapitHOrO BUTOKY a3y
3 ra3onpoBOY i MOro JIiHIIHOI KOOPIMHATY B YMOBaX HEITOBHOTI'O 3aBAHTAXKEHH ra30TPAHCIIOPTHOI CUCTEMU.
3ayBakuMo, 1110 B yMOBaX HECTabiIbHOTO IIOCTYIIJIEHHS i Biibopy rasdy xapakTepHi HecTallioHapHi rpoluecu B
JIiHINHIN YaCTHHI ra30MpOBOAY, BUKJIMKaHI 30ypEeHHSIMY BUTPATU rasy, 0 BUKJII0YA€ MOKJIMBICTD 1iarHOCTYBaHHS
aBapifHMX BUTOKIB HA OCHOBI KOJIMBAaHHS IIapaMETPiB PEXXUMY B MOMEHT iX MOSBUA. MeToAu AiarHOCTyBaHHS, 110
ONMPAIOThCS Ha CTAlliOHApHI ra3ouHaMiqHi MoJeJii, HeJOCKOHAJI 32 paxyHOK CYTTEBUX IIOXMOOK Pe3yJbTary,
BUKJIMKaHUX HECTalliOHAPHICTIO IIpoljecy TPaHCIIOPTYBaHHS rasdy. HaTomicTs MeTony, 110 6a3yl0ThCs Ha
HECTalliOHAPHUX MOJEJISIX, SIBJISIIOThCS HAITO CKJIAIHUMMU i BUMAaraloTh BEJIMKOrO 06CAry BXifiHOI iHpopmarii i
TPUBAJIOTO 4YaCy peasizalii, 0 TaKOX BUKJII0Ya€ MOKJIUBICTD iX ONIEPATUBHOTIO 3aCTOCYBaHHS. ToMy, LOLiIBHO
BHUKOPHCTOBYBAaTH METOJY, 1110 6a3yI0ThCSl HA BUKOPUCTaHHI HeCTallioHapHUX MaTeMaTUYHUX Moieselt 3i
CIIPOILEHOI0 CUCTEMOIO iX peasisdalii. B IKOCTi TaKMX IIPONOHYIOTHCS! CIIPOLIEHI METOLH, 1110 6a3YIOThCS Ha
HECTalliOHAPHUX MOZEJISIX, HE BUMaraloTh 3HAYHOTO OOCATY BXiJHMX JAHUX, i BOJHOYAC BUAAIOTh 3310BiIbHI 1151
[IPaKTHKU pe3ysbTaTy peainizauii. Cepen HUX: METOJ, IOHDKEHHS OPSAKY AUdepeHLiiHIX PiBHIHD iMITyJIbCY Ta
HEPO3PUBHOCTI, 110 Ilepedavae YacTKOBY 3aMiHy nudepeHIialbHUX OllepaTopiB KiHLIEBUMU IPUPOCTaMU IIYKaHUX
(YHKLil, i METOM BpaxyBaHHs 3MiHH JIiHIMHOI IIBUIKOCTI pyxy rasy B Tpybax, 110 BUMarae BUMipIOBaHHS IlapaMeTpiB
ra3oBOrO0 IIOTOKY 10 JOBXMHI ra30poBoLy i B 4aci. Lli MeTonu BpaxoBYyIOTh HECTALIIOHAPHICTh IIPOLECY
TPaHCIIOPTYBaHHS ra3y ra3olpoBOAaMHU i € BiTHOCHO IIPOCTUMHU B peatidaliii. Pe3ysibTaTi 064KCII0BaJbHOTO
€KCIIEPMMEHTY [10Ka3YIOTh, [0 TOYHICTb i OCTOBIPHICTh OTPUMAaHUX PE3YJIbTATIB 337J0BI/IbHIIOTh BUMOraM
MIPaKTUKU. B OCHOBY PO3pOOKHU CTPYKTYPHOI CX€MU CUCTEMU TEXHIYHOTO OOCIIYTOBYBAaHHS i pEMOHTY JIiHINHOI
YaCTMHM MariCTpajbHUX ra30NpOBOJiB NOKJIAE€HO HACTYIIHI IPUHLIMIN: - JiHiliHa YaCcTHHA — 1€ JIiHilHO-
IIPOTSDKHUM, KOHCTPYKTHUBHO OJHOPIAHUI 00'€KT, 1110 BUKJIMKa€e HEOOXiHICTh pO30MBaTH MOT0 Ha BilOKPEMJIEHI
eKCIUlyaTaliliHi OiNsHKY; - Y CUJly HEPIBHOMIPHOrO "cTapiHHA" i psiAy iHIIKX PaKTOPiB aBapiliHiCTh ra30MpoBOAY Ha
Pi3HUX IiNSTHKax HEOJIHAKOBa, TOOTO € PYHKIIi€I0 KOOPAMHATH; - TOIOJIOTiSI MEPEXi ra3onpoBOLiB 06yMOBIIIOIOTh
icTOTHE pO3XO[KEHHS HACJi[IKiB aBapili, 1[0 BUHMKAIOTh HAa TUX YU IHIIUX JiISHKAx; - TPYIOMICTKICTb poOIT 3
TE€XHIYHOTO 00CJIyTOBYBAaHHS i pEMOHTY BU3HAYa€ThCS HE Ti/IbKU JIiaMeTPOM Tra3olpoBOAY, ajl€ i rigporeosoriyHuMu
i IpUPOIHO-KIIMaTUYHUMU YMOBAMHU; - BJIACTUBICTb PEMOHTONPUIATHOCTI (POPMYETHCS il BIIJIMBOM PEai30BaHO]
cructeMu peMoHTY. OBCIIyroByBaHHS Ta30MIPOBO/IB 31iMICHIOETHCS. MEPEKEI0 PEMOHTHO-EKCILTyaTalliiHUX
IiApOo3aisiB, 10 MOXKYTh PO3MillIaTHCS B Psifi 3a37aserigb 0OroBOpeHux TOYOK. [1s 3abe3nedeHHs MOXJIUBOCTI
IIPOPAXYHKY BCiX MOXKJIMBUX BAapiaHTIB (3 METOIO BUOOPY ONTUMAJIBHOIO) BUKOPUCTAHUI METOJ, IeKOMIO3uLii. Jlyis
KO>KHOTO ra30MpOBOly CUCTEMU (GOPMYETLCS CBill Habip MOKJIMBUX ITyHKTIiB 6a3yBaHHs. BupimeHHs 3agaui
"pO3MillleHHSA-TIPUKPIIJIEHHS" 1719 KOSKHOTO ra30MpOBOJY 4O3BOJIS€ BCTAHOBUTH MiAPO3Liny, MO 30iACHIOIOTh
00CJIyrOBYBaHHS AEKIIbKOX [IiJITHOK ra30MPOBOLIB CUCTEMU. Y PaMKax 3allpOIIOHOBAHOI MOJieJli 06CIyrOBYBAaHHS
3PYYHO BUKOPHUCTATH SIK KPUTEPIll ONTUMA/IBHOCTI Ta €(PEKTUBHOCTI (PYHKLIOHYBAaHHS TEXHIYHOTO OOCJIyTOBYBaHHY i

PEMOHTY — KaIliTaJbHi BKJIAJIeHHS i IOTOYHi BUTPATH.

2. The purpose of the dissertation is to develop measures to increase the efficiency of maintenance and repair of
the linear part of main gas pipelines in conditions of their incomplete loading due to the timely detection and
localization of emergencies, and rational decision-making during operation. The principles of determining the
occurrence of an emergency gas leak from a gas pipeline and its linear coordinate in the conditions of incomplete
loading of the gas pipeline system are considered. It is worth noting that in the conditions of unstable gas supply
and extraction, non-stationary processes in the linear part of the gas pipeline caused by gas flow disturbances are
characteristic, which excludes the possibility of diagnosing emergency leaks based on the fluctuation of the regime
parameters at the time of their appearance. Diagnostic methods based on stationary gas dynamic models are
imperfect due to significant errors in the result caused by the non-stationarity of the gas transportation process.
On the other hand, methods based on non-stationary models are too complicated and require a large amount of
input information and a long implementation time, which also excludes the possibility of their operational



application. Therefore, it is advisable to use methods based on the use of non-stationary mathematical models
with a simplified system of implementation thereof. As such, simplified methods based on non-stationary models
are offered, they do not require a significant amount of input data, and at the same time give satisfactory
implementation results for practice. Among them, are the method of reducing the order of the differential
equations of momentum and continuity, which involves the partial replacement of differential operators with finite
increments of the sought functions, and the method of taking into account the change in the linear speed of gas
movement in pipes, which requires the measurement of gas flow parameters along the length of the gas pipeline
and in time. These methods take into account the non-stationarity of the process of gas transportation through
gas pipelines and are relatively simple to implement. The results of the computational experiment show that the
accuracy and reliability of the obtained results meet the practice requirements. The following principles are the
basis of the development of the structural diagram of the main gas pipeline linear part maintenance and repair
system: - The linear part is a linearly extended, structurally homogeneous object, which makes it necessary to
divide it into separate operational sections; - Due to uneven “aging” and several other factors, the gas pipeline's
failure rate in different sections is not the same, that is, it is a function of the coordinate; - The topology of the gas
pipeline network causes a significant difference in the consequences of accidents that occur in certain areas; - The
labor intensity of maintenance and repair work is determined not only by the diameter of the gas pipeline but also
by hydro-geological and natural-climatic conditions; - The property of reparability is formed under the influence
of the implemented repair system. A network of maintenance and operation units that can be located at several
pre-arranged locations provides gas pipeline maintenance. The decomposition method was used to ensure the
capacity to calculate all possible options to choose the optimal one. A set of possible locations is formed for each
gas pipeline of the system. Solving the problem of “placement-attachment” for each gas pipeline allows the
establishment of subdivisions that provide service to several sections of gas pipelines in the system. Within the
framework of the proposed service model, it is convenient to use capital investments and current costs as a
criterion for the optimality of maintenance and repair functioning. This indicator in a certain way depends on
several controlled and random factors that determine the level of reliability and maintainability of the studied
section, the most significant characteristics of the route within the given limits, the production capabilities of the
formed unit, the magnitude of the consequences of failures, and damage to the linear part. The task consists of
determining the cost gradient considering all its components, calculating the overall efficiency index of the
considered option for organizing the linear part maintenance and repair system, comparing alternative options,
and choosing the optimal structural maintenance scheme that provides the minimum value of the objective
function.
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