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2. Mathematical models, methods and algorithms for automation of gas transmission systems control

Pedepar:

1. Y nuceprauiiiHiii po6b0Ti pO3B’13aHO BaKJIMBY HAYKOBO-TIPUKJIAAHY IPO6JIeMy — PO3POOJI€HHS KOHLIeTIIi
11o6yJ0BY POrPaMHO-TEXHIYHOI cUCTeMHU AJ1s1 aBToMartu3allii yrpasiinHsa ['TC Ha 0cHOBI po3po6eHnx
MaTeMaTUYHUX MOJEJIEN, METOMIB i aJITOPUTMIB 1711 KEPYBaHH$ [IPOLIECAMU TPAHCIIOPTYBaHH razy MI'. ¥V mpoueci
PO3B’s13aHH4 Liiei Tpo6ieMn PO3pO6JIEHO IBOPIBHEBY MAaTEMATUYHY MOJIEJIb CTPYKTYPH ra30TPAHCIIOPTHOI CUCTEMU
(I'TC), wo BpaxoBye MOXKIUBI 3MiHU ii KoHIrypalii B IIpoleci ekcryaratlii, a TakoxX ii po3MipHY reTeporeHHicTb. 3
BHMKOPHMCTaHHSIM PiBHSIHb IMHAMIKU razy po3po6JieHi HesliHiliHi MaTeMaTu4Hi MofieJli Tedii ra3y B JiHIHUX Ta
BYy3JI0BUX ejleMeHTax MI' i3 BpaxyBaHHSIM MO>KJIMBOi HET€PMETUYHOCTI LIMX €JIEMEHTIB. 3 BUKOPUCTAHHSIM LIUX
piBHsHb cPOPMYIBOBAHI KParoBi 337124, IKi MOZEJII0I0Th TEXHOJIOTIYHI TPOLecy KepyBaHHS PEeXXUMaMy po6oTU
I'TC, 3a6e3I1euyloTh BUSIBJIEHHS BUTOKIB i MOHITOPUHTY LIiJTiICHOCTI TPyOOIIPOBOiB Ta ONlepaTUBHE OalaHCYBaHHS
Macu rasy B MI'. 3 BUKOPUCTaHHAM METOY CKIHYEHHO-Pi3HULEBOI AUCKPETU3aLlii KII04OBUX PiBHAHD 32
IIPOCTOPOBOIO KOOPAMHATOIO, iTepauiliHOro niaxony ta MeTofis PyHre-KyTTu po3pobiieHi MeTonu po3B’si3yBaHHS

cpopMyIbOBAaHUX HEJIHIMHUX NPSIMUX 3a11a4. Po3pobsieH0 MaTeMaTH4YHy MOJIeJb IIOLIMPEHHS Malnux 30ypeHb



IIapaMeTpiB IIOTOKY ra3y B TPyOOIIPOBOJ, sIKa ONUCY€e XBUJIbOBI IPOLIECH, CIPUYMHEHI HECTAO1/IBHICTIO PO6OTH
KOMIIPECOPIB, JIOKAJIbHOIO po3repMeTu3alii€to, QpyKTyalisiMyu TUCKY, TYCTUHHU i TemIiepaTypu . Po3pobiieni mogeni
KePyBaHH NE€PEXiHUMMU MTPOLIECaMU, 3 BAKOPUCTAHHSM SIKUAX OyJib-SIKUI NPOLEC NEPEXOY 3 OJHOTO
CTalliOHAPHOTO PEXUMY B iHIINI BU3HAYA€TbCS CKIHYEHHUM HabOpoM napameTpis. [IpoBenieHi KibKiCHi
IOCIIiIKEHHS NIEPEXiAHUX MPOLECiB Tedii ra3y B cekuii MI' 3a pisHUX Mopesell KepyBaHHA. 3 BUKOPUCTAaHHAM
PO3pO6IeHNX OGUUCITIOBAIBHUX METOIiB MTPOBE/IEHI KiJIbKiCHI JOCiIKEeHHS TapaMeTpPiB MepexilHUX IPOIIeCiB Tedil
rasy, siKi BUHMKaIoTh y MI' 11i7 4ac 10ro JI0KaJbHOI po3repMeTn3allii Ta KiJIbKICHO LOCIIIIKEH] TapameTpy Tedii, fAKi
MO>KHa BUKOPHUCTATHU 715 BUSIBJIEHHS Ta ifeHTudikalii BUTOKiB. 3alporoHOBaHa KOHLEN1is aBToMaTu3allii
ynpasiinasg ['TC Ykpainy, sika 6asyeTtbcs Ha Teopii MES cuctem ta mogesni PERA BiflloBifHO 10 BUMOT
MikHapopHoro crangapty ANSI/ISA-95. BusHaveHi QpyHKIii Ta po3pobsieHa CTPYKTypa IPOrpaMHOi CUCTEMU 1151
aBromatu3sauii ynpasiinHg ['TC, a TakoX cucTeMu MOHITOpUHTY LisicHOCTI MI'y if cKjafii Ta 3a1IpOrOHOBaHUN

niaxin mo ii moeTanHoro BIpoOBaKeHHs 3i 36epeskeHHSIM HasIBHUX 3aCO00iB, SIKi BiATIOBITAIOTh Cy4aCHUM BUMOTaM.

2. The dissertation is aimed at developing methodological bases for automating the management of gas
transmission systems using the methods of mathematical modeling and computerization. The aim of the work is to
develop mathematical models of methods and algorithms for solving problems of control of stationary and
transient modes of gas flow in main gas pipelines (MGP), detection and identification of leaks, as well as
elaboration of concept and methodological bases of gas transmission system (GTS) automation and determination
of structure and functions. -technical control automation systems. To achieve this goal in the dissertation solved a
number of problems and obtained new scientific results. Mathematical models have been developed to describe
the structure of the GTS, which take into account changes in its configuration during operation and dimensional
heterogeneity. Based on the equations of dynamics, nonlinear mathematical models of gas flow in MGP elements
are developed taking into account their leaks and on this basis boundary value problems are formulated, which
model technological processes of GTS operation control, leak detection and MGP integrity control. Using known
computational methods, developed methods for solving formulated problems and fast algorithms for their
implementation. A mathematical model for the propagation of small perturbations of gas flow parameters in a
pipeline has been developed, which describes wave processes caused by compressor instability, local
depressurization, fluctuations in pressure, density and temperature. Quantitative studies have revealed a
significant dependence of the parameters of wave processes on the flow regime in which the disturbance occurs,
as well as the location of fluctuations along the pipeline. Transition control models have been developed, using
which any process of transition from one stationary mode to another is determined by a finite set of parameters.
Quantitative studies of gas flow transients in the MGP section under different control models have been carried
out. Integral parameters have been introduced that determine the efficiency of gas transportation during the
transition mode according to various criteria. Quantitative estimates of the efficiency of MGP gas transportation
during the transition regime are obtained, depending on the applied transition control models. Mathematical
models of local leakage from MGP have been developed, which determine the intensity of gas leakage through a
small hole in the pipe wall depending on the pressure and temperature of the gas in the pipe near the
depressurization site. Using the developed computational methods, quantitative studies of the parameters of gas
flow transients that occur in the MGP during its local depressurization and quantitatively studied flow parameters
that can be used to detect and identify leaks. On this basis, mathematical methods for detecting and identifying
leaks from MGP based on the measurement of gas flow parameters at control points have been developed and
their accuracy has been investigated using the method of computational experiment. The concept of automation
of control of GTS of Ukraine which is based on the theory of MES of systems and PERA model according to
requirements of the international ANSI / ISA-95 standard is offered. The functions and structure of the software
system for automation of GTS management, as well as the system of monitoring the integrity of the MGP in its
composition are defined and the approach to its step-by-step implementation with the preservation of existing
tools that meet modern requirements is proposed. Introduced integrated parameters of gas flow allow to quantify
the efficiency of the transition process by energy and time parameters. Using the developed fast algorithms for
solving boundary value problems, it can be used to control the transient modes of operation of the MGP in order to



achieve a given process duration or specified energy performance. The proposed mathematical models of local
leakage and gas dynamics in MGP with leakage, as well as the developed fast algorithms for solving boundary value
problems form a theoretical and mathematical basis for the method of detecting and identifying parameters of
leakage MGP using an approach based on modeling mass, momentum and real-time energy and flow measurement
data at control points along the pipeline. The introduction of the GTS control automation system, based on the
theory of MES systems, the PERA model and the international standard ANSI / ISA-95, the structure and functions
of which are proposed in the work, will preserve the existing automation tools. This will create the preconditions
for the transition from a functional to a process management model.
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