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1. Tepmyn B.I. 3abe3neuenHs eHeproepeKTUBHOCTI eKCIulyaTallii CKJIaJHUX ra30TPaHCIIOPTHUX CUCTEM B YMOBAX iX
HEIOBHOrO 3aBaHTaKeHHs. — KBasigikauiliHa HayKoBa Ipalls Ha IIpaBax pykonucy.Juceprauis Ha 3000y TTs
HAyKOBOTrO CTyIeHs fokTopa ¢inocodii 3a crenianpHicTio 185 — Hadrorasosa imxeHepis Ta TEXHOJIOT], Tamy3b
3HaHb 18 — BUpo6GHUIITBO Ta TeXHOOrii - IBaHO-PpaHKiBChbKUI HalliOHAJIbLHUM TEXHIUYHUI YHIBepcUTET HadTH i rasy,
IBano-@paHKiBChK, 2023. ExcIlyaralis TpaH3UTHOI Fra30TPAHCIIOPTHOI CUCTEMU B YMOBAaX HEIIOBHOTO
3aBaHTAXXEHHS Nepeoavae yacTi 3MiHM OOCSTiB TPaHCIIOPTYBAHHS rasy, 10 BUKJIMKA€E HEOOXiIHICTb B

OIlepaTMBHOMY IIPOTHO3YBaHHI CTalliOHAPHUX PEXKUMIB pOOOTH cUCTEMU. [IJIs1 IPOTHO3YBAHHSI [IOBEAiHKN CUCTEMU



TPAHCIIOPTY ra3y B YyMOBaxX 3MiHM PEXMMIB €KCIIyaTallii BaXXJIMBO OLIHUTY CTAaH TPYOOIIPOBOIB i KOMIIPECOPHUX
CTaHLil 3 METOI0 BUOOPY ONTHMAaJIbHOTO PEXXUMY eKCILTyaTtallii. MeToo nucepTauiiiHoi po60TH € MiBUIIeHHS
eHeproe@eKTUBHOCTI eKCIUTyaTallii CKJIaJHUX ra30TPAHCIIOPTHUX CUCTEM, IO MPAIIOI0Th B yMOBaX HEIIOBHOTO
3aBaHTAXXEHHS, 117151 €(PEKTUBHOTO BUKOPHCTAHHS €HEPrOopecypcCiB Ha TpPaHCIIOPTyBaHHs1. Ha OCHOBI JOCIIiIKEHHS
CTallioHapHUX PEXUMIB pOOOTH ra30TPAHCIIOPTHOI CUCTEMH IIPU YacCTiil 3MiHi 00CATiB epeKkadyBaHHs rasy
3aMpONIOHOBAHO IPUHIMII MOOYA0BY MAaTEMATUYHMX MOJIEJIEN /11 OTIEPAaTMBHOTO KEPYBAaHHS ra30TPaHCIIOPTHOIO
CHACTEMOIO, SIKAI XapaKTePU3y€EThCs JOCTAaTHBOIO TOYHICTIO i BUCOKOIO MIBUJIKICTIO peastisallii IpOrHO3HUX
napaMeTpiB. B OCHOBY MoJieJiel [TOKJIaZIeHO METO, iHTerpajlbHAX KoedillieHTiB BIJINBY, SIKi BUBHAYAIOTHCS 32
napaMeTpamMi IomnepenHix pexxuMis. Lle 03BoJisie onepaTUBHO BUBHAYUTY TUCKY i BUTPATH Ta3y B JIOOIl TOYI
cucreMu. [106y10BaHO MaTEMATUYHY MOJI€JIb FA30MPOBO/LY 3 BpAXyBaHHSM BIIJIMBY KOMIIDECOPHUX CTallill Ha
OCHOBI KJIACUYHUX PiBHSIHb €HEPrii ra30BOro NOTOKY i HEPO3PMBHOCTI 3 BUKOPUCTAHHAM O-(PYHKLi Jlipaka.
Peasizanis cTBOpeHOI MaTeMaTUYHOI MOJIEJi MIJIIXOM 3aCTOCYBaHHS iHTerpasbHUX neperBopens Oyp'e i Jlanmaca
IIO3BOJIMJIA OTPUMATH B aHAJIITUYHIN HOpPMi 3aJIesKHICTh, 10 Bimo6pakae 3aKOH KOJIMBAaHHS B Yaci MacoBOi BUTpaATHU
rasy B [104aTKOBOMY i KiHIIeBOMY Ilepepisi razonposogy. [1o6ynoBaHi 3ay1€KHOCTI TpeHy TPOLYKTUBHOCTI
ra3oTpaHCIOPTHOI CUCTEMU Ha ii TOYATKY i B KiHIIi [T0Ka3ay BIUIUB PO3MIIIEHHS KOMIIPECOPHOI CTaHILii B
ra3oTPaHCIOPTHIN CUCTeMI, 30KpeMa ii MOPSAIKOBOrO HOMEPY Ha Tpaci, Ha XxapaKTep i TPUBAJIiCTh HECTAL[iOHAPHOTO
IIPOLECY, BUKJIMKAHOTO ii 3yNMHKO10. OTpUMAaHi pe3yJIbTaTu PEKOMEHYETHCS BUKOPUCTATU IIPU IIPOrHO3yBAHHI
PEXMMIB POOOTH ra30TPAHCIIOPTHUX CUCTEM 33 YMOBH iX HEIIOBHOI'O 3aBaHTaXEHHSL. [Ipy HENIOBHOMY 3aBaHTaKEHHI
cucreMu npouec GopMyBaHHS Jenpecii TUCKY B KOXKHUI TIOTOYHUI MOMEHT NP 3MiHi BEJIMYUHU TPOJYKTUBHOCTI
€ HECTalliOHaPHUM i XapaKTepU3y€eTbCs KOJMBAHHSIM TUCKIB 3 IIEBHOIO YaCTOTOIO i aMILIiTyo10. Cynepro3unLis
TUCKIB IIPY BEPXHil 'paHNYHIl JIiHil Jernpecii MOXKe IIPU3BECTH 0 [IEPEBULIEHHS II0YaTKOBOTO TUCKY IIOHAT,
nonycTuMui. [y 3ano6iraHHs epeHaBaHTaXXEHHIO TPyOOIIPOBOAY NPOMOHYETHCS 3HIKYBATH II0YATKOBUI TUCK I10
BiJJHOIIEHHIO 00 MaKCUMasibHOro. OTpuMaHa po3paxyHKOBa 3aJI€KHICTh HA OCHOBI P€3YJIbTaTiB MOZEIIOBaHHS
HECTallioHapHOTO NPOLeCy 3 BUKOPUCTAHHAM (PAaKTUYHUX [aHUX NIPOTiKaHHS HEeCTalliOHapHUX MPOLIECiB B
ra3onpoBofax TPAHCYKPaiHChKOI ra30TPaHCIOPTHOI cucTeMu. ONTUMAIbHUM PEXXUMOM BBKAETLCSI PESKUAM, J1J14
SIKOT'O KPUTEPIiN ONTUMAJILHOCTI, IKAM XapaKTepU3ye EHEPrOBUTPATU Ha TPAHCIIOPT, IIpUMae MiHiMasbHe
3HauyeHHs. EHeproBuTparty razy Ha TPaHCIIOPT, SIKi MOKHA BUPA3UTH B €KBiBaJIEHTHUX 00CSTrax rasy sik €eHeproHocis,
IIPOIIOHYETHCS PO3LIIATHA HA BUTPATU NaJIMBHOTO a3y [ IPMBOAY razonepexkadyyBajbHUX arperaris, sKi
IIPOINOPLiliHI 1Or0 MOTY>KHOCTI, i BATPATH TEXHOJIOTIYHOrO a3y [jis NiATPUMaHHS TUCKY B Tpybonposogax.Toni
MiHIMYM €HEProBUTPAT BiANOBiZaTUME MiHIMyMy CYMapHUX BUTPAT ra3y, sIKi € CyMOIO [TAJIMBHOTO i TEXHOJIOTIYHOTO
rasy. 36i7bIIe€HHS KiJIbKOCTi TEXHOJIOTIYHOTO ra3y B Tpy6ax NPU3BOIUTH IO 3POCTaHHSI POOOYMX TUCKIB, &, 3HAUUTb,
IO 3BMEHIIEHHS €HePreTUYHUX BTPAT [IPU TPAHCIIOPTIi, OfiKe, 10 3MEHILIEHHS BUTPATU NIAJIMBHOTO razy. Tomy npu
ONTMMAaJIbHOMY PEXMMIi CyMa BUTPAT IMaJIMBHOTO i TEXHOJIOTIYHOTO ra3dy Ma€ MiHiMyM. 3alIpONIOHOBAaHUM IIPUHLIUII
ONTMMi3allii peXXMMIB peali3yeTbCsl METOIOM KOHKYDPYIOUMX BapiaHTIB, 4Ki BiIPi3HAIOTHCS MAKCUMAJIbHUMU
pobounmu TuckaMu. KepyBaHHS pe>XMMaMU ra30TPaHCIIOPTHOI CUCTEMHU 3BOJUTBCS O KEPYBAaHHS PEeXKUMaMU
PO6OTH KOMIIPECOPHUX CTaHLil, BPaXOBYIYM MOXKJIMBICTD iX €KCIIyaTallii Yu TUMYaCOBOi 3yN1HKY. [IpruHImn
ONITMMAJIbHOTO KEPYBaHHS pekumamu poboTu 6ararorexoBoi KC 6azyeTbcst Ha piBHOMIpHOMY pO3Moii
€HEeproHaBaHTAXXEHHS MK LlexaMu i IpH LIbOMY 3a6e3I1eYeHHs pOOOTH KOJKHOTO 3 arperariB B pe>KUMi, 6JIM3bKOMY
[0 HOMIHaJIbHOTO. 3aBIaHHs MOIYKY ONTUMAJIbHOTO BapiaHTy PO60TH 6araToLexoBOi KOMIPECOPHOI CTaHLi €
3aBIAHHSM MOIIYKY ONTUMAJIbHOTO IJIAHY PO3IIOAiITYy HABaHTAKEHb MK OKpeMUMH ii nexamu. IIpu npoMy BUXOSIYN

3 MiHIMyMy CyMapHUX €HepreTUYHUX BUTPAT 3 ypaxyBaHHSM BiJIIOBiIHUX TEXHOJIOIIYHUX OOMEXKEHb.

2. The operation of the transit gas transportation system under conditions of incomplete loading involves frequent
changes in the volumes of gas transportation, necessitating the need for operational forecasting of the system's
steady-state operating modes. To predict the behavior of the gas transportation system under changing operating
conditions, it is crucial to assess the condition of pipelines and compressor stations to choose the optimal mode of
operation. The aim of the dissertation is to increase the energy efficiency of the use of complex gas transportation
systems operating under conditions of partial load, for the efficient use of energy resources in transportation.
Based on the study of steady-state operating modes of the gas transportation system with frequent changes in gas



pumping volumes, a principle for constructing mathematical models for the operational control of the gas
transportation system has been proposed. This principle is characterized by sufficient accuracy and high speed in
implementing predictive parameters. The models are based on the method of integral influence coefficients, which
are determined by the parameters of previous modes. This allows the rapid determination of pressures and gas
flow rates at any point in the system. A mathematical model of a gas pipeline has been constructed, taking into
account the influence of compressor stations based on classical equations of gas flow energy and continuity, using
Dirac delta functions. The implementation of the created mathematical model through the application of Fourier
and Laplace integral transforms allowed obtaining, in analytical form, a dependency reflecting the law of
fluctuation in time of the mass flow rate of gas at the initial and final sections of the gas pipeline. The constructed
dependencies of the gas transportation system's throughput trend at its beginning and end demonstrated the
influence of the compressor station's placement in the gas transportation system, particularly its sequential
number along the route, on the nature and duration of the non-stationary process caused by its shutdown. The
obtained results are recommended for use in predicting the operating modes of gas transportation systems under
conditions of incomplete loading. During incomplete loading of the system, the process of pressure depression
formation at each moment, with changes in productivity, is non-stationary. It is characterized by oscillations in
pressure with a certain frequency and amplitude. The superposition of pressures at the upper boundary line of
depression can lead to exceeding the initial pressure beyond acceptable limits. To prevent pipeline overloading, it
is proposed to reduce the initial pressure relative to the maximum. The obtained calculation dependency, based on
the results of modeling non-stationary processes using actual data on the flow of non-stationary processes in the
gas pipelines of the trans-Ukrainian gas transportation system, addresses this issue. The optimal mode is
considered the one for which the optimality criterion, characterizing energy losses in transportation, attains the
minimum value. Gas energy losses in transportation, expressed in equivalent gas volumes as an energy carrier, are
suggested to be divided into fuel gas consumption for driving gas compressor units, proportional to their power,
and technological gas consumption for maintaining pressure in pipelines. Then, the minimum energy consumption
corresponds to the minimum total gas consumption, which is the sum of fuel and technological gas. Increasing the
amount of technological gas in pipes leads to higher operating pressures, resulting in reduced energy losses during
transportation and, consequently, reduced fuel gas consumption. Therefore, in the optimal mode, the sum of fuel
and technological gas consumption is minimized. The proposed optimization principle is implemented through the
method of competing options, differing in maximum operating pressures. The management of the gas
transportation system's modes involves controlling the operating modes of compressor stations, taking into
account the possibility of their operation or temporary shutdown. The principle of optimal control of the operating
modes of a multi-unit compressor station is based on the even distribution of energy loads among its units,
ensuring that each unit operates close to its nominal mode. The task of finding the optimal operation mode for a
multi-unit compressor station involves developing an optimal plan for distributing loads among its individual units,
aiming to minimize the total energy consumption while considering relevant technological constraints.
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