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PE®EPAT

Marictepcpka auceprailis CKIagaeTbes 3 93 apKylIB TOSCHIOBAIBHOT
3aliCKH, B sIKI MICTUTbcs 4 posainu, 14 Tabmunb, 42 pucynku, 17 mxepen
nocunanHs Ta | momarok. I'padiuna wacTmHa nucepTamii TpeicTaBieHa Ha §
TEXHIYHUX IJIaKaTax.

AKTYaJIbHICTh T€MH — TEXHOJIOTI1i BIIHOBIIOBAHOI €HEPTETUKNA HAOYBAaIOTh
BCE OUIBIIOTO MomupeHHs. BBeneHHs: 3Ha4HOI KiJIbKOCT1 BiTHOBIIOBAHUX JKEpEl
eHeprii B 3arajgbHUil OanaHc TeHepallii eHeprocCMCTEMH HEraTHMBHO BIUIMBAE Ha
AKICTh POOOTH ENEeKTPOCHEPTeTUYHOI CHCTEMH, 30KpeMa CIpHsI€ 3MEHIICHHIO
cymapHoi iHepiii. ToMy BHHHMKae HEOOXITHICTh MiJBUINYBATH €()EKTUBHICTH
poboTH eneKTpuYHuX Mepex. OIHUM 13 MOXKJIMBHX BHUPIIIEHb NpoOJIeMH €
BUKOPHUCTAHHS HAKOMUYyBadiB €HEPrii, 0T)KE TeMa € aKTYaIbHOIO.

Mera fociaimKeHHsI — THJIBUIICHHS pETYJIIOBAILHUX BJIACTUBOCTEH
eJIEKTPOCHEPTETUYHNX CUCTEM IIJITXOM BUKOPHUCTAHHS MOBITPSHUX HAKOMTHYYBaviB
eHeprii.

O0’eKT O0CTiTKEeHHSI — TIPOIIECH B PO3MOIIBHUX €NEKTPUUHUX MEpekax 3
BITHOBJIIOBAaHUMH JDKEpEJIaMH €HEPrii Ta MOBITPSIHUMH HAKOMMWYyBayaMHu €Heprii;
BJIACTUBOCTI MOBITPSIHUX HAKOMTUYYBaYiB €HEPrii.

IIpenmer [OCTiAKeHHI — MOXIIMBICTh BUKOPHUCTAHHS TOBITPSHUX
HAKOMMUYYyBa4iB JUIA  NIABHUIINCHHS  €(PEKTUBHOCTI POOOTH  PO3MOJLIBHHUX
SJIEKTPUYHHUX MEPEX 3 BIJHOBIIOBAHUMHU JHKEPEIaMU €HEPTIi.

Metoau aocaigeHH — METOAM aHajli3y eJEKTPUYHUX IMPOLECIB Yy
PO3MOIITHPHIX MEPEkKaAX Ta CIEKTPOCHEPTETUYHNX CUCTEMAaX, Ta TEPMOIMHAMIYHUX
OpOLECiB Yy TMHEBMAaTHMYHUX JIBUTYHaX; METOAU MapaMeTpPUYHOTO CHUHTE3Y;

MOJICTIOBaHHS 3 BUKOPUCTAHHAM TporpamMHoro koMmiuiekcy MATLAB/Simulink.



HaykoBa HOBH3HA 0JIep:KaHUX Pe3yJIbTATIiB:

1. Po3po06ieHo Mojenb NOBITPSIHOTO HAKONIMYYBaya €HEprii, iKa Ha BIAMIHY Bij
ICHYIOUHMX BPaxoOBYy€ BJIACTUBOCTI MHEBMATUYHOTO JBHUTYHA, IO JTO3BOJIMIIO
JOCTIAUTH POOOTY MOBITPSHUX HAKOMMYYBAYiB y PI3HUX PEKUMAX;

2. OTpuMaHO HOBI pe3yNbTaT pOOOTH MOBITPSHOTO HAKONMUYYBaya MapajaeabHO
3 €JIEKTPOCHEPIeTUUHOI0 CUCTEMOIO Ta 130JbOBAHO BiJl HET, 110 JO3BOIMIU
BCTAHOBUTU MapaMeTpy HANAIITYBaHHS, MPHU SKUX HAKONMUYyBad 3JaTHUMN
BUKOHYBATH 3a/1aH1 QyHKIIIT;

3. TlpoBeaeHo aHami3 3MIHM CYMapHOi 1HEpIi €HEProcucTeMu YKpaiHu Mpu
3MiHI CKJIaJly TEHEPYIOUUX TMOTYXHOCTEW, fKI TMOKa3ald IO MOAAJIbIIe
30UTBIIICHHSI YaCTKU BIJIHOBJIIOBAHUX JDKEpeN eHeprii mnpusBene o
30UIBIIEHHS] IIBUAKOCTI 3MIHM 4YacTOTH, SKIIO HE BHUKOPHUCTOBYBATU
J0JJaTKOB1 3aCO0M MOCUIICHHS CTIMKOCTI €HEPrOCUCTEMH.

IIpakTH4He 3HAYEHHS OJIePKAHUX Pe3yJIbTATIiB:

1. Po3po0iieHO alropuT™M KepyBaHHS IMOBITPSHUM HAKONHUYyBaue€M €Heprii,
KU BpaxoBy€e 0COOIMBOCTI POOOTH HAKOMHUYyBada B PEKMMI MapajeibHOT
pOOOTH 3 €JIEKTPOCHEPTETUYHOIO CUCTEMOIO Ta 130JIbOBAHO BiJ] HET.

2. Po3po0JIeHO CTPYKTypHY CXEMy Ta €KCIEPUMEHTAIbHY YCTaHOBKY
NOBITPSHOTO HAKONMWYyBaya €Heprii, Ta MPOBEJIECHO EKCIIepPUMEHTAIbHE
JOCIIDKeHHST i1 poOOTH, SIKI MOXKYTh OYTH BUKOPHUCTaHI SIK OCHOBa IS
KOHCTPYIOBaHHS HAaKOMUYyBa4iB O1IbIIOT MOTYKHOCTI.

Kmiouosi caosa: BIJJHOBJIIOBAHI JIXKEPEJIA EHEPI'I, IHEPLIA
EHEPT'OCUCTEMU, [IOBITPSIHUI HAKOIIMYYBAY EHEPTI,
PO3IIOJIUIbHI EJJEKTPUYHI MEPEXI, CITIIPAJILHUI ITHEBMATHUYHMII
JIBUT'VH.



ABSTRACT

The master’s thesis consists of 93 pages of explanatory note which includes 4
sections, 14 tables, 42 figures, 17 references and 1 annex. The graphic part is
presented on 8 technical posters.

Relevance of the topic — renewable energy technologies are becoming more
common. Increasing quantity of the renewable sources of energy has a negative
impact on the quality of power system operation process, including decrease of the
amount of system inertia. Therefore, efficiency of the electrical network operation
needs to be improved. One of the possible solutions of the considered issue is the
implementation of energy storages, what makes the topic of the thesis relevant.

The purpose of research is to increase adjusting properties of electric power
systems using compressed air energy storages.

Object of research — processes in electric power distribution networks with
renewable sources of energy and compressed air energy storages; properties of
compressed air energy storages.

Subject of research — possibility of the use of compressed air energy storages
in order to increase the operation efficiency of electric power distribution networks
with renewable sources of energy.

Methods of research — analysis of electric processes in distribution networks
and electric power systems; analysis of thermodynamic processes in pneumatic
motors; parametric synthesis; modeling using MATLAB/Simulink software.

Scientific novelty of obtained results:

1. Model of the compressed air energy storage was designed. Unlike existing,
developed model takes into account features of the pneumatic motor, allowing
to study the operation of compressed air energy storage in different modes;

2. New results were obtained in process of studying of compressed air energy
storage operation isolated from power system and in parallel, which allowed

to determine tuning parameters of regulators;



3. Analysis of the change of power system inertia was conducted, showing that
further increasing of the role of renewable sources of energy will cause an
increasing of the rate of change of frequency, if no additional tools of
sustainability increasing will be implemented.

Practical significance of obtained results:

1. Algorithm of compressed air energy storage control was developed, which
takes into account features of energy storage operation in isolated and parallel
modes.

2. Structural diagram and experimental unit of compressed air energy storage
were developed, and conducted experimental study of its operation, that
allows to use it as the basis of the future design of higher power energy
storages.

Keywords: COMPRESSED AIR ENERGY STORAGE, ELECTRIC
POWER DISTRIBUTION NETWORKS, POWER SYSTEM INERTIA,
RENEWABLE SOURCES OF ENERGY, SCROLL AIR MOTOR.



