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1. ¥V nuceprauiiiniii po60Ti pO3BUHYTO MiZXiT, 1O PO3B'sI3aHHS aKTyaJIbHOI HAyKOBO-TEXHIYHOI IIPOGIeMHU
IiABUILEHHS TIOKA3HUKIB SIKOCTi pO6OTH KOMIIPECOPHUX YCTAaHOBOK razonepekauyyBanbHux ctanuiil (I'TIC) misxom
3a0€e31e4eHHs ONTUMAJIbHUX Ta €Heproe(peKTUBHUX PEXXUMIB iX (PYHKIIOHYBaHHS B YCTaJICHUX i IEPEXiTHUX
IIpoLecax 32 HOPMAJIbHUX YMOB €KCIUTyaTallii. JJoCSITHEHHS ITOCTaBIEHOI METHU JA€ 3MOTY IMOJIIIINUTY KI0YO0Bi
XapaKTepUCTUKHA KOMIIPECOPHOro 06JI1aiHaHHS, HacamIlepe], eKOHOMIUHICTb Ta eHeproePeKTUBHICTb, 3aBJSIKU
3MEHIIEHHIO €HEPreTUYHUX BTPAT y KOMIIPECOPHUX arperarax i MifjBUIIEHHIO PiBHS €HEPro- Ta
pecypcosoepesxenHs Ha ['TIC. OCHOBHUM BEKTOPOM OCIII)KE€Hb € YAOCKOHAJIEHHS METO/IB MiIBUILIEHHS SKOCTI
pOOOTH razornepexavyyBaJbHUX CTAHIIii MIJITXOM BIIPOBAPKEHHS eHeproeeKTUBHUX MTPUHLUIIIB KepyBaHHSI.
3anpornoHOBaHO HAYKOBi METO/M 1 TEXHIYHI PillleHHS, 1[0 MOXYTb CTAHOBUTU OCHOBY [1J151 (POPMYBaHHS
€HEepProouaIHUX AJITOPUTMIB KEPYBaHHSI, CIIPSIMOBAHUX Ha iCTOTHE MiIBULLIEHHS €eHEPrOe(pEeKTUBHOCTI
TPAHCIOPTYBaHHS ra3y Ta 3a0€3Me4eHHs CTIKAX PEXUMiB POOOTH KOMIIPECOPHUX YCTAaHOBOK. MeTa OCTiIKeHHS

I0JIAATa€ B MiABUIEHHI TTOKAa3HUKIB SKOCTi KOMIIPECOPHUX YCTaHOBOK ['TIC MIIIXOM Y OCKOHAJIEHHS CUCTEM



KepyBaHH4, sIKi 3a6e311e4yI0Tb MiHiMaJIbHi BTpaTU €Heprii B HOpMaJIbHUX peXuMax ekciutyaratii. O6’eKTom
TOCJIiZIPKEHHS € IPOLECH MiJBUIIEHHS OKa3HUKIB SIKOCTi pOOOTU KOMIIPECOPHUX YCTAaHOBOK ra3onepeKadyBalbHUX
CTaHIliil y HOpMaJIbHUX peXUMax. [IpeiMeToM JOCTiIKEHHS € HayKOBi METOIU, HOPMaTUBHE 3a0€311€4EHHS 1
TeXHiYHi 3ac00U MiABUILIEHHS I0KA3HMUKIB SIKOCTi pOOOTH KOMIIPECOPHUX YCTAHOBOK. MeTO NOCIIiIPKEHHS
BKJIIOYAIOTh aHAJIi3 | CUHTE3 MaTeMaTUYHUX MOJIeJIEN ra30nepeKavyBalbHUX arperaris (GUHaMi4Hi MOJiesTi pyroro
NOPSAKY, MOJeJli ra30TypOiHHOro ab0 eJ1IeKTPOIIpUBOLY, JliHeapu3aliist B pobouiil Toulli), CHCTeMHUI aHai3 Ta
ineHTHiKaljio napaMeTpiB i3 ypaxyBaHHSIM B3aeMO/lii ra30JMHAMIYHUX, MEXAHIUYHHUX i TENJIOTEXHIYHUX MiICUCTEM,
a TaKOX ONTUMI3aLiliHi METOIU CUHTE3Y PEryaATOPiB. 3aCTOCOBAHO MiHIMIi3allil0 iIHTErpaJbHUX KPUTEPIIB SIKOCTI,
€HEPreTUYHO OPiEHTOBAHY ONTHMI3allil0 32 MUTOMUMHU €HEPrOBUTPATAMU Ta MaJNBHOIO €KOHOMIYHICTIO, TPaJli€eHTHI
METOAM JJIs IIOLIYKY ONTUMAaJbHUX apamMeTpis I11]1- i afanTuBHUX peryngaTopiB. BukopucraHo imitaniniHe
MogesnoBaHHs y MATLAB /Simulink nj1s1 oniHIOBaHHSI CTiMIKOCTI, AMHAMIK1 Ta €HEPTOBUTPAT, @ TAKOXK
eKCcIiepuMeHTasIbHy Bepudikauilo 3a ekcruryaTtaniiiaumuy ganumu I'TIC (Tuck, BUTpaTa, 4acToTa 06epTaHHs, NajrBHi
BUTpaTH). HaykoBa HOBU3HA Ofiep>KaHUX Pe3yJIbTaTiB [0JsIrae B TaKOMY: 1. yI0CKOHAIeHO KOMILJIEKCHUM KpUTepiit
sxocTi po6otu I'TIC Ha OCHOBI iHTerpallii eHepreTMYHUX i TEXHiYHUX ITOKa3HUKIB KOMIIPECOPHOTIO arperary Ta
IMHAMIYHUX iHTerpaJbHUX [TOKA3HUKIB SIKOCTi CUCTEMU KepyBaHHS 3i 3MiHHUMU BaroBUMu KoedillieHTaMu, 10
I03BOJISIE BUKOPUCTOBYBATU MOTO SIK KpUTEPill ONITUMAa/IbHOCTI 32 Pi3HUX YMOB €KCIIyaTallii; 2. HabyJiy [0abIIoro
PO3BUTKY METOMHU MiABUILEHHS sIKOCTi poboTu I'TIC msxoM onTuMisallii aBTOMaTU30BaHUX CUCTEM KEPYBaHHS Ta
CHHTe3y €(PEeKTUBHUX PETYJISTOPIB, OPiEHTOBAaHNUX HA MAaKCUMYM €HEeproe(eKTUBHOCTI; 3. HabyJIM OJAJIbIIOTO
PO3BUTKY MaTEMATU4Hi MOJIE€JIi CUCTEM KEPYBaHHS KOMIIPECOPHMMHU YCTAHOBKAMU LIJIAXOM iHTErpauii Mmogenen
KOMIIPECOPA 3 EHEPreTUYHUMU XapaKTEPUCTUKAMU NIPUBO/Y Ta PE€aJIbHUMU HENiHIHHOCTSIMU (HAaCU4YE€HHS IPUBOAY,
0OME>KEHHS BUTPATHU I1aJIMBa), L0 MiBUILy€E TOUHICTb OLiHIOBaHHS IOKA3HUKIB SIKOCTI; 4. BIieplle po3po6JIeHO
CTPYKTYpPYy CUCTEMU aBTOMAaTUYHOTO KEPYBaHHSI KOMIIPECOPHUMH YCTAHOBKAMMU 3 €TAaJIOHHOI0 MaTEMATUYHOIO
MOJEJIIIIO, SIKA MPaLioe 32 KpUTepieM MaKCUMaJIbHOI eHeproe@eKTUBHOCTI Ta 31aTHA B PEXXUMI peaslbHOTo Yacy
Ii[JIalITOBYBATH NIapaMETPU IIPY 3MiHi BHYTPIIIHIX XapaKTEPUCTHUK KOMIIPECOpa ¥ NapameTpiB HAaBKOJIMIIHbOTO
cepenoBuia. Y po60Ti BUKOHAHO aHaJIi3 OKA3HUKIB SIKOCTi ra30TpaHCcnopTHOI cuctemu Ta poJi ITIC y nigTpumMaHHi
TUCKY 11 BUTPATH, y3araJbHEHO MIJISIXY MiJBUIIEHHS €(EKTUBHOCTI Ta BUMOTM HOPMATUBHOI 6a3u. [To6ygoBaHO
y3araJibHeHy JUHaMiuHy MOZeJIb ra3onepekadyyBajbHOIO arperaTy, po3po6sieHo jliHeapru3oBaHi MogeJi 111 CUHTe3Y
PEryJsITOPIB i 3aIIPOIIOHOBAHO AJITOPUTMU ONTMMAJIBHOTO HaJIalITyBaHHS, CIIPSIMOBAHI Ha 3HW)KEHHS BTpPaT i
BiJJaJIEHICTDb BiJl IOMII&KHOI MEXi. 3a pe3yJbTaTaMy aHaJli3y eKCIUIyaTaliiHUX JaHUX BUSHAYEHO PE3EPBU
eHepro3depeskeHHs, 30KpeMa IIpH YaCTOTHOMY KepyBaHHi eJIEKTPOIIPUBOLOM, Ta OTPUMAHO KiJIbKiCHI OIiHKH
IIOKpallleHHs! [I0Ka3HHUKIB SIKOCTi B OIITUMi30BaHUX peXXUMax. Po3po6ieHO IPOEKT TEXHIYHNUX YMOB «3abe3leuyeHHs
BMICOKUX IIOKa3HUKIB SIKOCTi pOOOTH ra30MepeKavyyBajbHMX CTAHLil IPY iX aBTOMAaTM30BAaHOMY KEPYBaHHI».
PesysbTaTt MOXKYTb 6yTU BripoBampkeHi B ACK kommnpecopHux ycTaHOBOK ['TIC Ta BUKOPUCTOBYIOTBCS B
HaByasibHOMY Ipoleci XHY imeHni B. H. Kapasina (HHI «VIIT1A») y nucuuriiHax 3 Cy4aCHUX METOIiB i airOpUTMiB
KepyBaHH4. Marepianu aucepralii BUKJIaZeHo y 13 HayKOBUX MpalsX, y TOMY YKACJI 4 CTATTIX y (PaXOBUX BULAHHSIX

Ta 9 Te3ax JOMOoBiIen.

2. In the dissertation, an approach to solving an urgent scientific and engineering problem is further developed,
namely improving the performance quality indicators of compressor units at gas compressor stations (GCS) by
ensuring optimal and energy-efficient operating modes in both steady-state and transient conditions under
normal operating conditions. Achieving this goal makes it possible to improve the key characteristics of
compressor equipment, primarily cost efficiency and energy efficiency, by reducing energy losses in compressor
units and increasing the level of energy and resource saving at GCS. The main research focus is the improvement
of methods for enhancing the operating quality of gas compressor stations through the implementation of energy-
efficient control principles. Scientific methods and technical solutions are proposed that can serve as a basis for
developing energy-saving control algorithms aimed at significantly increasing the energy efficiency of gas
transportation and ensuring stable operating modes of compressor units. The purpose of the study is to improve
the performance quality indicators of GCS compressor units by improving control systems that ensure minimal
energy losses under normal operating conditions. The object of the research is the processes of improving the



performance quality indicators of compressor units at gas compressor stations under normal operating conditions.
The subject of the research comprises scientific methods, regulatory support, and technical means for improving
the performance quality indicators of compressor units. The research methods include analysis and synthesis of
mathematical models of gas-pumping units, systems analysis and parameter identification considering the
interaction of gas-dynamic, mechanical, and thermal subsystems, as well as optimization methods for controller
synthesis. Minimization of integral performance criteria, energy-oriented optimization in terms of specific energy
consumption and drive fuel economy, and gradient methods for searching optimal parameters of PID and adaptive
controllers are applied. MATLAB /Simulink simulation modeling is used to evaluate stability, dynamics, and energy
consumption, and experimental verification is performed using operational GCS data (pressure, flow rate,
rotational speed, fuel consumption). The scientific novelty of the results obtained is as follows: (1) a comprehensive
quality criterion for GCS operation has been improved by integrating energy and technical indicators of the
compressor unit with dynamic integral quality indicators of the control system using variable weighting
coefficients, which enables its use as an optimality criterion under different operating conditions; (2) methods for
improving GCS operation quality have been further developed through optimization of automated control systems
and synthesis of efficient controllers operating under the maximum energy-efficiency criterion; (3) mathematical
models of control systems for compressor units have been further developed by integrating compressor models
with drive energy characteristics and real nonlinearities (drive saturation, fuel-flow limitations), which improves
the accuracy of quality-indicator evaluation; (4) for the first time, a structure of an automatic control system for
compressor units has been developed that includes a reference mathematical model and operates under the
maximum energy-efficiency criterion, enabling real-time parameter adjustment under changes in compressor
internal characteristics and environmental parameters. The dissertation analyzes the quality indicators of the gas
transmission system and the role of GCS in maintaining the required pressure and flow, summarizes methods for
improving efficiency, and considers regulatory requirements. A generalized dynamic model of a gas-pumping unit
is developed, linearized models for controller synthesis are obtained, and optimal tuning algorithms are proposed
aimed at reducing losses and maintaining adequate distance from the surge limit. Based on the analysis of
operational data, energy-saving reserves are identified, particularly for variable-frequency control of electric
drives, and quantitative estimates of quality improvements in optimized operating modes are obtained. A draft
technical specification “Ensuring high performance quality indicators of gas compressor stations under automated
control” has been developed. The results can be implemented in automated control systems for GCS compressor
units and are used in the educational process of V. N. Karazin Kharkiv National University (Educational and
Scientific Institute “UIPA”) in disciplines related to modern control methods and algorithms. The dissertation
materials are presented in 13 scientific publications, including 4 articles in peer-reviewed professional journals and
9 conference abstracts.
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VI. BizoMocCTi mpo HayKOBOr0 K€PiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)

BaacHe IlpizBume Im'st I10-6aThKOBI:
1. Kuasesa BikTopis MukosaiBHa

2. Viktoriia Kniazieva

KBasigikamis: . . u., gou., 05.01.02

InenTudikarop ORCID ID: 0000-0002-3106-4897

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOHM: XapKiBChbKuil HALIOHATIBHMI YHiBepcuTeT imeHi B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

Micue3HaxoaKeHHS: maiinan CBo6os1y, Xapkis, XapkiBcbkuii p-H., 61022, Vkpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH | HAayKU YKpaiHu

InenTudikarop ROR:

VII. BigomocTi npo odinilfiHHX ONOHEHTIB Ta PELeH3€HTiB
OdiuiiiHi oIOHEHTH

BiacHe IIpizBuie Im'sa ITo-6aTbKOBI:

1. Cepentok Opect €BreHoBruY

2. Orest Serediuk

KBasigikanis: n. 1. n., npodecop, 05.01.02

InenTudikarop ORCID ID: 0000-0002-8539-2693



JoparkoBa iHdpopmamnist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: IBano-PpaHKiBChKUI HAI[IOHATLHUI TEXHIYHUIA YHIBEPCUTET

Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: By Kapnarchka, IBano-®pankischbk, 76019, Ykpaina
dopma Bi1acHoCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. Pypuk HOpiit IBanoBUY

2. Yurii Rudyk

KBasidikamis: 1. 1. 1., nou,., 05.01.02
ImenTudikarop ORCID ID: 0000-0002-7372-5876
JoparkoBa iHdpopmamist:

IloBHe Haff'lMeHyBaHHﬂ IOPUIHUYHOL 0COOM: JILBIBCLKUIA Iep>KaBHUI yHiBEpCUTET 6e3MeKN

SKUTTENiSIMbHOCTI

Kopg 3a €IPIIOY: 08571340

Micue3HaxoaKeHHS: ByJI. KylennapiBchka, JIbBiB, 79007, YKkpaina

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂZ JepkaBHa ciay>x6a YKpaiHy 3 HaI3BU4aHUX CUTYaLill

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. I'pinyenko 'anHa CepriiBHa

2. Hanna Hrinchenko

KBasigikanis: . t. u., gou., 05.01.02

ImentTudikarop ORCID ID: 0000-0002-6498-6142

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOM: XapKiBCbKUil HALOHAJIBHUIT YHiBepcuTeT imeHi B. H. Kapasina
Kopg 3a €APIIOY: 02071205

Micuesnaxo,rm(eunﬂ: mamgaH CBo6ou, XapkiB, XapkiBcbkuil p-H., 61022, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Anronenko Haranis CepriiBHa

2. Nataliia Antonenko

KBasigikamis: . . u., gou., 05.12.13

ImenTudikarop ORCID ID: 0000-0001-5576-3388

JonaTkoBa iHdopmanist:

IloBHe HafIMeHyBaHHﬂ IOPUOHUYHOL 0COOM: XapkiBchbKMil HallioHAIbHUI YHiBepcuTeT iMeni B. H. Kapasina

Kopg 3a €IPIIOY: 02071205

Micue3HaxoaKeHH: maiinan CBo6ou, XapkiB, XapKiBCbKUM p-H., 61022, YKpaiHa

dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3ak1104Hi BiZOMOCTI
BaacHe IlpizBuiie Im's ITo-6aTbKOBI
TOJIOBH pagu

BiiacHe IIpizBuie Im'sa Ilo-6aTbKOBi
TOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUI 3a MiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeecTpaTtop

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOi

OisSIIBHOCTI

Kynpisnos Onekcannp BomoguMuposuy

KynpisinoB Onexcannp Bomogumuposuy

[lleByenko AHnpin OsieKCaHapOBUY

[Opuenko TersiHa AHaToJiiBHA

Opuenko TersHa AHaToJIIiBHA



