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Pedepar:

1. TpuBasna ekcIulyaralis TPaH3UTHOI Fa30TPAHCIIOPTHOI CUCTEMU B yMOBaX HEIIOBHOTO 3aBaHTAXXEHHS Ilepeoadae
4acTi 3MiHM 06CATiB TPAHCIIOPTYBaHHSI rasy, 0 BUKJIMKA€e HEOOXiIHICTb B OIEPATUBHOMY IIPOTHO3YBaHHi
CTallioHapHUX PEXUMIB POOOTH CUCTEMMU. [l IPOrHO3yBaHHS MOBEAiHKMA CUCTEMHU TPAHCIIOPTY ra3y B yMOBAx
3MiHM pPEXXMMIB eKCITyaTalii BaXJIMBO OLiHUTU CTaH TPYOOIIPOBO/IB i KOMIIPECOPHUX CTaHIIiil 3 METOIO0 BUOOPY
ONTUMAJIbHOIO PEXMMY eKcIunyaTauii. Taka 3aaya BUMarae NpoBeLeHHs JeTaJlbHOTO OOCTEXKEHHSI €JIEMEHTIB
ra3oTPaHCIOPTHOI CUCTEMH, 110 Nepedadae 3HaYHi BUTPATH Yacy. ToMy akTyaJlbHUM IIUTAHHSM € CTBOPEHHS
CIIPOLIEHNX METOIVK OLIHKU TiipaBJivyHOro CTaHy ra30TPaHCIIOPTHOI CUCTEMU i OTIEPATUBHOIO IIPOTHO3YBAHHS
CTallioOHapPHUX PEeXXUMIB ii ekcrmyaranii. MeTor guceprauiilHOi po60TH € po3po6Ka 3aX0/iB MiABUILEHHS
e(PeKTUBHOCTI TEXHIYHOTO 0OCJIyTOBYBAHHS i PEMOHTY JIiHiIHOI YaCTUHM MariCTpajbHUX ra30IPOBO/IiB B yMOBAX ix
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paLioHaJIbHUX PillleHb B X0 eKCIuTyaTtalii. Po3rianaiTbcs NPpUHLUIIA BUSHAYEHHS [10SBU aBaPiMHOIO BUTOKY rasy
3 ra3onpoBoOy i HOTo JiHIMHOI KOOPIMHATH B YMOBaxX HEMTOBHOTI'O 3aBAHTA)KEHHS ra30TPAHCIIOPTHOI CUCTEMU.
3ayBaKuMo, 1110 B yMOBaX HECTabiIbHOTO IIOCTYIIJIEHHS i Bii6opy ra3dy xapakTepHi HecTallioHapHi Ipouecu B
JIiHINHIN YaCTHHI Ta30NpPOBOAY, BUKJIMKAHI 30yPEHHSIMIU BUTPATU rasy, 0 BUKJII0YA€ MOKJIMBICTD 1iarHOCTYBaHHS
aBapifiHMX BUTOKIB Ha OCHOBI KOJIMBaHHS IaPaMETPIiB PEXXUMY B MOMEHT iX MOSBUA. MeToAu AiarHOCTyBaHHS, 110
ONMPAIOThCS Ha CTAlliOHApHI ra3ouHaMiyHi MojeJii, HeJOCKOHAJI 3a paxyHOK CYTTEBUX IIOXUOOK pPe3yJbTary,
BUKJIMKaHUX HECTalliOHAPHICTIO IIpolLeCcy TPaHCIIOPTYBaHHA rasdy. HaTomicTb MeTonH, 1110 6a3yI0ThCs Ha
HEeCTaliOHapHUX MOJEJISX, SBJISIOThCS HAATO CKIAIHUMU i BUMAraloTh BEJIUKOTO 00CATY BXigHOi iHpopmariii i
TPUBAJIOTO Yacy peasisalii, o TaKO>K BUKJIIOYA€ MOXKJIUBICTD iX ONEPaTUBHOTO 3aCTOCYBaHHS. ToMy, IOLITBHO
BHMKOPHCTOBYBAaT/A METOJY, 110 6a3yI0ThCsl HA BUKOPUCTaHHI HECTAl[iOHAPHUX MaTEMaTUYHUX Moieslelt 3i
CIIPOILEHOI0 CUCTEMOIO iX peasisauii. B SKOCTi TaKMX IPONOHYIOTHCS CIPOLIEHI METOIH, 110 6a3YIOThCS Ha
HECTalliOHApHUX MOZEJIsIX, HE BUMaraioTb 3HAYHOTO 00CSTy BXiTHUX JaHUX, i BOJHOYAC BUAAIOTH 33/10BiIbHI 1151
IIPaKTUKU pe3ysbTaTu peasizauii. Ceper HUX: METO], IOH>KEHHS OPSAKY AUdepeHLiiHMX PiBHSIHD iMITyJIbCY Ta
HEPO3PUBHOCTI, 110 Nlepedayae YacTKOBY 3aMiHy AudepeHIialbHUX ONlepaTopiB KiHLIEBUMHU TPUPOCTaMU IIYKAaHUX
(YHKLUiH, i METON BpaXyBaHHS 3MiHHU JIiHIMHOI IIBUIKOCTI Pyxy rasy B Tpy6ax, 110 BUMarae BUMipIOBaHHS IIapaMeTpiB
ra3oBOro MOTOKY IO NOBXMHI ra3onpoBofy i B yaci. Lli MeTongu BpaxoByIOTh HECTAIiOHAPHICTh IPOLECY
TPaHCIIOPTYBaHHS ra3y ra3olpoBOAAMMU i € BiTHOCHO IIPOCTUMHU B peaisdaliii. Pe3yspraTi 064MCII0BaJbHOTO
€KCIIEPMMEHTY [10Ka3YIOTh, 1[0 TOYHICTb i IOCTOBIPHICTh OTPUMAHUX PE3YJIbTATIB 337J0BL/IbHIIOTh BUMOraM
IIPAKTUKU. B OCHOBY PO3pPOOKM CTPYKTYPHOI CXEMU CUCTEMU TEXHIYHOTO OOCJIYTOBYBAHHS i PEMOHTY JIiHiIHO]
YaCTMHM MariCTpajbHUX ra30NpoOBOJiB IOKJIAJ€HO HACTYIIHI IPUHLMIN: - JIiHiliHa YaCTHHA — 1€ JIiHilHO-
IIPOTSDKHUM, KOHCTPYKTHUBHO OJIHOPiAHUI 00'€KT, 1110 BUKJIMKAa€e HEOOXiIHICTh PO30MBaTH OT0 Ha BilOKPEMJIEHI
eKCIUlyaTaliliHi OiNsSHKY; - Y CUJly HEPIBHOMIPHOrO "cTapiHHA" i psay iHIKX PaKTOPiB aBapiliHiCTh ra30MpoBOAY Ha
Pi3HUX IiNSTHKax HEOJIHAKOBa, TOOTO € QPYHKIIi€I0 KOOPAUHATH; - TOIOJIOTiSI MepeXi ra3onpoBoLiB 06yMOBIIIOIOTh
iCTOTHE pO3XO[KEHHS HACJiJIKiB aBapili, 1[0 BUHMKAIOTh HAa TUX YU iHIIKX JiISHKAX; - TPYIOMICTKICTb pOOIT 3
TEXHIYHOTO 0OCJIyTOBYBAaHHS i pEMOHTY BU3HA4Ya€ThCS HE TiIBKU JIiaMeTPOM Tra3olpoOBOAY, aJl€ i rigporeosoriyHuMu
i IpUPOIHO-KIIMaTUYHAMU YMOBAMHU; - BJIACTUBICTb PEMOHTONPUIATHOCTI (POPMYETHCS il BIJIMBOM PEasi30BaHO]
crucTeMu peMOHTY. OBCIyroByBaHHS Ta30MPOBO/IB 3/1iMICHIOETHCSI MEPEKEI0 PEMOHTHO-EKCIyaTallifHUX
IiApO3AisiB, 10 MOXKYTh PO3MillIaTHCS B PsAi 3a37aserigp 0OroBOpeHUX TOYOK. [y 3a6e3ne4eHHs] MOXJIUBOCTI
[IPOPAXYHKY BCiX MOXKJIMBUX BAaPiaHTIB (3 METOIO BUOOPY ONTUMAJILHOIO) BUKOPUCTAHMI METOJ, IeKOMIO3uLii. Jlyis
KOKHOTO ra30IpPOBOLy cucTeMu GOPMYETHCS CBiil Habip MOXKJIMBUX ITyHKTIB 6a3yBaHHs. BupimenHs 3anadi
"pO3MilleHHA-TIPUKPIIIJIEHHS" 1711 KOSKHOTO ra30NpOBOJY 4O3BOJIS€ BCTAHOBUTH MiAPO3Liny, 0 30iACHIOIOTh
00CJIyrOBYBaHHS AEKIIbKOX [iJITHOK Ta30MPOBOLIB CUCTEMU. Y PaMKax 3allpOIIOHOBAHOI MOJieJli 0OCIyTOBYBAaHHS
3py4YHO BUKOPUCTATH SIK KDUTEPIll ONTUMAIBbHOCTI Ta €(PEeKTUBHOCTI (PYHKIIOHYBAHHSI TEXHIYHOTO OOCIYTOBYBAHHS i

PEMOHTY — KaIliTaJIbHi 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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