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V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TeMaTHYHHUX PYyOPHK: 28.17.23

Tema gucepranii:
1. MaTeMaTrU4yHe MOJEJIIOBaHHS Ta YMCEJIbHUM aHajli3 HeCTAallilOHAPHUX PEXXUMIB pOOOTH 6araTOHUTKOBUX JIiHITHUX

IiZIIHOK ra30TPaHCIIOPTHOI CUCTEMU

2. Mathematical modeling and numerical analysis for nonstationary modes of multi-line linear sections of the gas
transportation system

Pedepar:

1. O6'eKT BOCIiIPKEHHS - HECTAL[iOHAPHI Hei30TepMivHi ITponecy Tedii rasy B 6araTOHUTKOBUX JIIHIHHUX JiNsTHKAX
ra3oTPaHCIIOPTHOI CUCTEMU. MeTa LOCIIIKEHHS — YIOCKOHAJIEHHS ICHYI040i MaTEMAaTUYHOI MOZEi
HeCTallioHapHUX, 30KpeMa ¥ MOo3alTaTHUX, PEXXUMIB POOOTH 6araTOHUTKOBUX JiHIMHUX MiJITHOK ra30TPaHCIIOPTHOI
CHACTEMHU | po3pobKa e(PEeKTUBHUX YMCEJIBHUX METO/IiB PO3PaXyHKy TaKUX PE>KUMIB 3 HEOOXiIHOIO TOYHICTIO. MeTonu
IOCJIiIKEHHS - YACEJIbHI METOIM PO3B'sI3aHHS KPalOBUX 3314 [1JI1 CUCTEM IU(epeHIia/IbHUX PiBHSHb B
YACTUHHUX MOXiTHUX Ta METOAY PO3B'SI3aHHS HEJIHIMHUX i JIIHINHUX CUCTEM PiBHSIHb; METOIU T€OpPii IMOBIPHOCTI i
MaTeMaTU4HOI CTaTUCTUKYU IJ1s ineHTrdikalii aBapilHUX cUTyaliil Ha 6araTOHUTKOBUX JIiHIHHUX JiIsTHKaX.
Amnaparypa - [lepcoHanbHNI KOMIT'IOTED. T€OpETHUYHI i TPAaKTUYHI Pe3yJIbTaTy JOCIIIKEHD - YAOCKOHAJIIEHA MOZETIb
Ta po3po06JIeHi YNCeIbHI METOAM PO3PaXyHKy HECTalliOHaPHUX PEXUMIB POOOTH 6araTOHUTKOBUX IiISTHOK

ra3oTpaHCIIOPTHOI CUCTEMH JO3BOJISIIOTH 3 HEOOXiHOIO TOUHICTIO OOUMCIIIOBATY [TapaMeTPU ra30BOro MOTOKY (TUCK,



MacoBY BUTPATY i TEMIIEPATYPY), aHAJIi3 IKUX HEOOXiNHUI Y NIJIaHyBaHHI TEXHOJIOTIYHUX PEXUMIB pOOOTH
6araTOHUTKOBUX [JiJISTHOK i B IPUIHSATTI pillleHb y CUCTeMaX OllepaTUBHO-IUCIIETYEPChKOr0 KepyBaHHS. MeTo[
ineHTr@ikauii aBapiliHKX cuTyaliil J03BOJIsIE 3al106iraTy MOXJIMBUM aBapiliHUM CUTYallisiM Ha 6araTOHUTKOBUX
IiJISTHKax i OTpUMYBaTU OLiHKY IIapaMeTpiB BUTOKIB ra3y, o MifBuinye 6€3ne4YHiCTb i HafilHICTb 06'€KTiB
ra3o0TPaHCIOPTHOI CUCTEMHU, 3HIXKYE MOXKJIMBI €KOHOMIUHI 30UTKU Bif aBapii. HaykoBa HOBM3HA - yJOCKOHAJIEHO
icHyl0ui MaTeMaTH4HI MOZeJIi HecTalliOHapHUX Hei30TepMiUYHUX PeXUMIB poO0TH 6araTOHUTKOBUX JIiHIHHUX
IiJISTHOK ra30TPaHCIIOPTHOI CUCTEMU LIJISIXOM BHECEHHS 10 MOZEJi anrebpaiuHyx piBHSIHB, y TOMY YMCJIi
HEJIIHINHYX, SIKi BDaXOBYIOTb BILJIMB POOOTH KOMYTYIOUMX €JIEMEHTIB ra30TPAHCIIOPTHOI CUCTEMH (3aIipHOi
apMarypu), 1o J03B0oJIsie 6paTy 10 yBaru 3MiHU B CTPYKTYpPi ra30TPaHCIIOPTHOI CHCTEMHU; BIleplie 3alIpOTIOHOBAHO
YUCeJIbHUM METOJ, PO3PaxyHKy HeCTalliOHapHUX Hei30TepMiuHMX peKUMIB po60TH 6araTOHUTKOBUX JIiHIHHUX
IiJISTHOK ra30TPAHCIIOPTHOL CUCTEMH, 110 BiIPi3HIETHCS Bifl HAHI iCHYI0OUMX METO/IIiB CIOCOOOM PO3B'SI3aHHS
CHCTEMU HeJIiHIMHUX PiBHSIHB i JO3BOJISIE 3 GiIBLIOI0 TOYHICTIO PO3Pax0OBYBATH i IPOTHO3YBAaTH PeajibHi IpoLecu
Teuii rasy; Bliepiie 3alIpOIIOHOBAHO MeTOoJ, ineHTUdikalii aBapiliHUX cUTyalliil TpX BUTOKAx rasy, sIkuil 6a3yeTbcs Ha
YAOCKOHAJIEHIN MaTeMaTUYHIN MOZEJI, 0 J03BOJIsl€ 3HAYHO MIBUALLIE i TOYHIIIE BUSABJIATH 1 JIOKAJI3yBaTH aBapiliHi
IiNSIHKY TPy6ONpoBOLy. Pe3ysibTaT ucepTaliiiHoi po60TH BIPOBAIPKEHI y BUPOOHMYNUI TIpoLec Ha Qiiani
"HayKoBO-OCTiIHMI i MPOEKTHMIA iIHCTUTYT TpaHCcIopTy rady” (IHCcTUTyT TpaHcnopty rasy) 1K "Vkprpancras"y
paMkax po3pobsienHs npoexty 393.10-1I1 "BripoBazpkeHHS AUCIIETYEPCHKOr0 MMYHKTY XapKiBCbKOIO JIiHIHOTO
BMPOOHMYOTO YNIPABJIiHHS MariCTpajbHOrO ra3onposoay”. PesyabTaTu OCiI)KeHb BUKOPUCTOBYIOTHCS Y
HaBYaJIbHOMY Ta HayKOBO-IOCJiJHOMY IIpoLiecax Ha Kadeapi NPUKIIaAHOI MATEMATUKU XapKiBCbKOTO
HalliOHAJILHOTO YHIBEPCUTETY PaflioeIEKTPOHIKY [IPY BUKJIALAHHI JUCLIMIUIIHY "MaTreMaTudHe MOJEJIIOBAHHS

CHCTEM 3 PO3MNOZiJIEHNMHU NTapaMETPAMHU", Y TUIIJIOMHOMY IIPOEKTYBaHHi.

2. The object of study - nonstationary and nonisothermal processes of gas flow in multi-line linear sections of the
gas transportation system. Goal of research - the improvement of the existing mathematical model of
nonstationary, including emergency, operation modes of multi-line linear sections of the gas transportation
system and development of efficient numerical methods to calculate these modes with the required accuracy.
Methods of research - numerical methods for solving boundary value problems for systems of partial differential
equations and methods of solving linear and nonlinear systems of equations, methods of probability theory and
mathematical statistics to identify emergency situations of a multi-line linear sections. Hardware - Personal
computer. The theoretical and practical research results - improved model and developed numerical methods for
calculation of nonstationary modes of operation of multi-line linear sections of the gas transportation system
allow to calculate the gas flow parameters (pressure, mass flow rate and temperature) with the required accuracy,
the analysis of which is used in the planning of technological modes of operation of a multi-line sections and when
taking decisions in systems of the supervisory control. The method of identification of emergency situations allows
to prevent possible accidents on the multi-line linear sections and to obtain estimates of the parameters of gas
leaks, that increases the safety and reliability of the gas transportation system elements and reduces the potential
economic damage from the accident. Scientific novelty - improved existing mathematical models of nonstationary
non-isothermal operation modes of multi-line linear sections of the gas transportation system by introducing
algebraic equations (including nonlinear) to the model, that take into account impact of the switching elements of
the gas transportation system (valves), which allows to take into account changes in the structure of the gas
transportation system,; for the first time a numerical method introduce to calculate nonstationary non-isothermal
modes of operation of multi-line linear sections of the gas transportation system that is different from existing by
method of solving the system of nonlinear equations, and allowing with higher accuracy calculate and predict the
actual processes of gas flow; for the first time proposed method for identifying emergency situations related to gas
leaks, which is based on improved mathematical model and allowing with higher speed and accuracy detect and
localize an fault section of the pipeline. The results of the thesis are used in the manufacturing process on the
branch of "Scientific Research and Design Institute for Gas Transportation" (R&D Institute for Gas Transportation)
"Ukrtransgas” as part of the project development 393.10-DP " "Implementation dispatch center of Kharkov linear
production department of main gas pipeline.” The research results are used in educational and research processes



at the Department of Applied Mathematics, Kharkov National University of Radio Electronics when reading the
course "Mathematical modeling of systems with distributed parameters" as well as in the graduation design.
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